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1 --AN EXPERIMENTAL STUDY OF SHUTTLE PROJECTION 
By I. H. Thomas and J. J. Vincent 

{Copyright by the Textile Institute) 


ABSTRACT. 

A method is described for measuring the displacement of the shuttle and 
the rotation of the loom crank-shaft relative to time and to each other; from 
these measurements shuttle and loom speeds and accelerations can be derived. 
It was found that the initial and average shuttle speeds were approximately 
equal and ranged from 31 to 48 feet per second on the fifteen looms measured. 
The different speeds produced by different nose-bits were found to be approxi¬ 
mately proportional to the nominal displacements after 30 degrees' rotation 
of the crank-shaft. The shuttle speed was approximately directly proportional 
to the average loom speed during picking, approximately inversely pro¬ 
portional to tile distance of the picking lappet from the picking shaft, and 
independent of the mass of the shuttle and the position of the buffer. The 
timing of the pick produced no effect if the sley were stationary, but under 
normal conditions unsystematic changes occurred, though on the whole a 
later pick gave a higher shuttle speed. Shortening the picking band and 
lowering the picking bowl usually increased the shuttle speed. With old 
picking bands prolonged weaving produced little change, but with new bands 
the shuttle speed became lower as weaving progressed, partially recovering 
during rest periods. Measurements of the acceleration of the shuttle showed 
in a typical instance a maximum deviation of 3 • 0 inches of the shuttle from 
its nominal position.* The deviation increased with heavier shuttles and at 
higher loom speeds. The results were found to agree broadly with theory 
but there were appreciable detailed discrepancies. Possible causes of these 
are suggested and a semi-empirical formula for shuttle speed of reasonable 
accuracy is derived. 

INTRODUCTION. 

Until recent years no account had been published of accurate observations 
of the movement of the shuttle in the power loom. The ideas on the subject 
expounded in text-books and held by overlookers were derived from visual 
observation (which is necessarily inexact because of the rapid movement of 
the shuttle and picking mechanism), from inadequate theory, and from mere 
conjecture. Although the inadequacy of the existing knowledge was expressed 
as early as 1914 by Woodhouse and Milne^® there was no development of the 
subject for many years. Then in 1935 Palmer and RamsdelP® described an 
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investigation m which a cinematograph was used to record the position of 
the shuttle and the crank-shaft of an underpick rayon loom at successive 
instants of time This was followed in 1938 by a paper from Kilgour, Wanng 
and Boffey® on experiments witH an underpick linen loom in which the 
movement of the shuttle in the shuttle box was measured lelative to that 
of the crank-shaft by the changes produced m the position of the swell, and 
lelative to time by measuring the movement of a point on the picking stick 
through the lesultant changes of a variable electrical lesistaiice opeiated 
by it. 

For the investigation described in the present paper a method differing 
from any of the previous was employed and the motion of the shuttle and the 
crank-shaft relative to time and relative to each other were determined 
Measurement of the speed of the crank-shaft was considered a necessary 
adjunct to the shuttle measurements in view of the demonstrations by 
Hanton^ and Honegger^ of the large cyclic fluctuations that may occui 
Experiments have &en carried out at Lancashire mills, as well as at the 
Shirley Institute, and although the work has mainly been on overpick 
Lancashire looms, other types have not been excluded One of the chief 
objects of the work has been to ascertain what are the effects on the shuttle 
movement of the usual adjustments made to the pickmg-mechamsm by the 
overlooker m the course of his duties Another important aim has been to 
determine how far the theory of shuttle projection published by Vincent 
and necessarily based on a simplified view of the loom, applies m practice 
Also, some attempt has been made to determine foices and dimensions 
involved in picking with a view to placing loom design on a sound basis. 

METHOD AND APPARATUS. 

The experimental ‘method consisted in observing the time, measured 
liom an arbitrary origin, and the position of the loom crank, when a specified 
point on the shuttle coincided with certain points at known distances along 
the path of the shuttle Fiom this information were obtained the three 
relations connecting (i) the displacement of the shuttle with time, ( 2 ) the 
displacement of the shuttle with the rotation of the crank-shalt, and ( 3 ) the 
rotation of the crank-shaft with time Fioni these relations weie derived 
the speed and acceleration of the shuttle and the loom at particular instants 
or averaged over short intervals of time Measurements were rnade«>whilc 
the shuttle was being accelerated from rest and when it was ciossing the 
lace-board, but not when it had entered the shuttle box and was being biought 
to rest. 

Two slightly different forms of the method weie employed, depending 
on whether consecutive points of observation along the path oi the shuttle 
were more or less than about twelve inches apart. Although, as will appear, 
this difierentiation was fixed by the length of the shuttle it also coiiespondecl 
in the main with the requirements of the two classes of experiments pei formed 
In one class the average speed of the shuttle across the 1 ace-board was the 
chief concern and it was usually necessary to take observations only at two 
pomts some forty inches 01 more apart, and in the other class of expenment 
the shuttle was under observation only while leaving the shuttle box and 
then the extreme points of observation were ten inches apart 

For the race-board measurements the specified point on the shuttle was 
the centre of a hole half an inch in diameter drilled thu^ugh the front and 
back of the shuttle m a direction at right angles to the front wall at a con¬ 
venient point in its length. The points along the path of the shuttle were at 
the intersection of this path with the axes of beams of parallel light emitted 
by galvanometer lamps placed behmd the reed and rigidly fixed relative to 
the loom frame The beams, of circular cross-section, i| inch m diameter, 
were directed at right angles to the swing rail and were placed at such a 
level that they just grazed the race-board at the back-centre position 
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Coincidence of the point on the shuttle with one of the specified points 
on the race-board was indicated by the passage of the beam of light through 
the hole in the shuttle, and recorded by bringing the light to a focus, after 
reflection at a plane mirror, on the slit of a recording camera This camera 
was of the type described by Oxley® except that the cylindrical lens was 
dispensed with The recording paper moved at a speed of 57 cms per second 

For the shuttle box experiments, because of the rapid changes in speed, 
more accurate and more detailed measurements were necessary and therefore 
observations were made at seventeen points along the path of the shuttle 
and the speed of the recording paper was increased to 95 cms per second 
Instead of using seventeen lamps to mark these points, which would have 
been inconvenient if not impracticable, the equivalent method was adopted 
of drilling seventeen holes in the shuttle and using one galvanometer lamp. 
The holes comprised m order one of inch diameter, six of inch, four of 
\ inch, and six of ^ inch, and the distances from one centre to the next 
were respectively inch, inch, ^ inch, seven at J inch, and six at one 
inch The holes were varied in size and spacing to allow for the different 
speeds at which the different holes passed the beam of light, laiger and more 
widely spaced holes being required as the speed increased in order to rendei 
visible and separate the marks on the photogiaphic record In this set of 
expeiiments the beam of light was reduced in diameter to inch to give the 
desired accuracy, and as this size of beam would not be effective if there were 
any vertical movement of the shuttle it was necessary to disconnect the sley 
and fix it at the centre of its range of movement for the shuttle acceleration 
period.* 

This change modified slightly the movement of the pickei produced by 
a given picking nose and gave a more uniform loom speed Due account was 
taken of these effects, but the others produced at the same time—the greater 
uniformity of the angle of inclination of the picking band to the picker spindle 
and the absence of forces due to acceleration of the sley—were considered 
to be negligible 

It was essential, if the shuttle box experiments wcie to be of value, that 
the starting position of the shuttle and the tune at which it staited should 
be accurately known Foi this reason, projection of the shuttle from a single 
side was observed (the picking mechanism at the opposite side being rendered 
inoperative), and before each record was made the shuttle was placed in the 
shuttle box with the beam of light passing through the first hole of the series 
Thus the distances moved by the shuttle when each hole was opposite the 
beam of light were known with sufficient accuracy The slowness with which 
the shuttle moves at first demands some special method for determining 
exactly when it staits Accordingly, the initial movement was magnified 
4,000 times by inserting between the shuttle and the box front, wheie it was 
held by fnction, a vertical rod, 3 inches long and ^ inch in diameter, carrying 
a small plane mirror The rod consisted of a length of catgut This material 
was used on account of its being sufficiently rigid but with a resistance to 
bending not large enough to impede the picker if entanglement occurrred, 
as had been found to happen when a steel rod was employed Light from a 
galvanometer lamp was lefiected from the small minor and brought to a 
focus after reflection from a fixed miiror, on the slit of the recoiding camera 
Linear movement of the shuttle led to rotation of the miiror and the abrupt 
interruption of the recorded trace The instant of interruption was taken 
as the time at which the shuttle started to move When taking a record the 


The possibility of overcoming the difficulty by using vertical slits, '^-inch wide, cut 
in the front and back of the shuttle box, was overlooked at the tune but has since beep, used 
successfully m connection with experiments on checking. 
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loom was started with the picking stick just back again after picking so that 
nearly two revolutions of the crank-shaft occuired before the recorded pick 
was delivered, which, as the later records showed, gave the loom ample 
opportunity, assisted by the absence of motion of the sley, of reaching full 
speed. 

The angular position of the crank-shaft was simultaneously recorded 
by means of a beam of light from a galvanometer lamp which passed through 
holes m an aluminium disc, igl inches m diameter, attached to the hand- 
wheel and was brought to a focus, after reflection, on the slit of the recording 
camera. The holes, placed with their centres on a circle i8 inches in diameter 
concentric with the top shaft, and spaced at angular distances of i8°, were 
of I inch diameter except for two adjacent ones of diameters | inch and f inch. 
This differentiation allowed the records to be interpreted in terms of the 
direction of rotation of the top shaft and the angular movement of the crank¬ 
shaft from a fixed reference position 

A time-scale was recorded on the same paper by a beam of light, piovided 
by another galvanometer lamp, which was focussed on the slit of the camera 
and interrupted at regular intervals The interruption was achieved by 
interposing between the lamp and the camera an aluminium disc provided 
with uniformly spaced radial slots and concentrically fixed to the spindle of 
a self-starting synchronous motor of the rotating switch type The numbei 
of slots and the speed of the motor were such as to make the distance between 
consecutive marks on the record correspond to an interval of 0-00136 second, 
cahbration of the motor being effected by means of a cathode ray tube and 
the public electricity supply of frequency 30 cycles per second. 

A plan view of the general arrangement of the apparatus is shown 
diagrammatically m Figure i. Ga, Gg, G4 le the four galvanometer 
lamps employed when observations were taken nt two points along the 1 ace- 
board , Ml, Ma, M„ M4 are the plane mirrors for directing the beams of light 
on to the slit C of the camcia , L^, La, L^, Lj are the convex lenses necessary 
for focusing the beams , Dj is the disc on the hand-wheel, Da is the disc on 
the synchronous motor M ; S and R are the shuttle and 1 ace-board respec¬ 
tively. 

Part of a typical record obtained from race-boaid measurements is 
shown m Figure 2, A complete tiace usually lecorded data relating to seven 
consecutive picks from which average values were obtained The lines 
gii g2, g3, g4 result from the beams of lamps G^, Ga, G3, G4 respectively The 
points Pi, Pa indicate coincidence of the hole in the shuttle with the light 
from the lamps Gi and Ga, the corresponding points on the time and angle 
scales were obtained by scoring fine lines Ij and la on the record through the 
centres of the dots Pi and Pg and at right angles to the lines gi and gj 
Fractions of the recorded units of time and angle were obtained by micro¬ 
scopic measurement, the linear distances on the record being assumed 
proportional to the time and angle over the short intervals involved In this 
way the time and the angular position of the crank-shaft corresponding 
to Pj or Pa were measured to o 0004 second and 0-5° respectively The 
corresponding positions along the race-board were obtained by measuring 
with a ruler the distances from some fixed ppint of the axes of the beams 
from lamps Gi, G^. These distances were determinable to 0 i inch Thus 
an average speed of 40 feet per second would be determinable within about 
± 0*3 feet per second with the lamps placed 40 inches apart. 

A typical record obtamed from shuttle box measurements is shown in 
Figure 3, The lines gg and arise from the lamps G3 and G4 as before, 
the hne gi arises from the ]amp G^ placed behind the shuttle box, and gg is 
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the line resulting fiom the small mirror used for showing when the shuttle 
starts to move The records were measured up as before but the higher 
papei speed enabled time mtervals to be measured to 0-00024 second and 
the crank angle to 0-3° The centre distances between the holes in the shuttle 
were measured microscopically to 0-003 centimetre Hence a single measure¬ 
ment taken over a distance of one mch would give a speed of 40 feet per second 
to an accuracy of ± 4-8 feet per second. 



< 2 ) 





I 
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Fig I Schematic arrangement of apparatus. 

Fig 2. Part of trace obtained from shuttle speed determinations 
Fig. 3 Part of trace obtained from shuttle acceleration determinations 
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To ensure in the i ace-board expeiiments that the shuttle started from 
the same rest position at the beginning of each pick, and thus avoid attri¬ 
buting to the picking any variations that might be caused by the checking, 
an indicator was fixed to the front ot the loom opposite the shuttle box. 
The indicatoi consisted of a cylindrical steel rod sliding freely in a steel tube 
and carrying at its front end a steel needle, its rear end resting on a com¬ 
pression spring inserted in the tube The steel tube was firmly attached to 
the loom frame in such a way that when the sley was at front centre the needle 
passed through a hole made in the box front and impmged on a strip of paper 
fixed to the front of the shuttle. If the shuttle came to rest at the same 
position at the end of each pick all the marks made on the paper by the 
needle coincided, but if the running of the shuttle were erratic the marks 
were spread out, thus givmg indication of the fault, which was then remedied ^ 

A further measurement that was made on some ot the overpick looms 
was of the vertical deflection of the end of the picking stick relative to its 
honzontal displacement This i elation was obtained directly as a curve by 
inserting in an axial hole m the free end of the picking stick a spring-seated 
pencil which drew a line on a sheet of paper attached to a metal plate forming 
part of a cylinder concentric with the picking shait 
LOOMS INVESTIGATED. 

Details of the looms on which experiments weie carried out are given in 
Table I. The looms were without warps, except where stated, but unless 
some setting had been deliberately altered they weie in the same condition 
as they had been when weaving was m progress Once a setting had been 
changed, howevei, the loom was not necessarily altered again provided 
the setting was within the practical range of variation. Hence the same loom 
might give considerably different shuttle speeds on different occasions 
For any particular experiment no change was made, ol course, other than 
that referred to Looms 2, 3, 4, 5, 8, 10, 11 were investigated at the Shirley 
Institute, the lemainder at Lancashire mills. 

RESULTS. 

(1) Comparison between Initial Shuttle Speed and Average Speed during the 

Traverse. 

A knowdedge of the relation between these two speeds is desirable in 
order to co-ordinate the picking wnth the shedding It is clear, howevei, 
that if the shuttle is pressed between the two sheets of w^arp during pait or 
all of the traverse, no definite relation between the aveiagc and init al speeds 
can exist, for it is a matter of common expenence that in such circumstances 
the retardation may vary from a negligible amount to one sufficient to arrest 
the shuttle before completing the ti averse Results of general application 
can be expected only when the shuttle is not seriously impeded by the top 
shed during the traverse or when the warp is absent In such circumstances 
it IS then clear on theoretical grounds that the average shuttle speed cannot 
be appreciably less than the initial speed , for, assuming the traverse takes 
about i/ioth second, a difference of as little as i fool per second would 
require a retarding force of about two-thirds of the weight of the shuttle 
acting on it over the whole of the traverse This would presuppose a high 
coefficient of fnction between the shuttle and the parts in contact with it, 
whereas the fnction at such a speed of rubbing would be expected to be small '** 

The experimental results accord wuth this \iew, and show a difference 
between the initial and average speeds so small as to be of no practical 
importance Measmements were made on loom 2, using Hvo holes in the 
shuttle, 7 inches apart, and two lamps behind the leed, one at each end of 
the race-board Results are given in Table II for seven consecutive picks 
made with the warp absent It will be noticed that the shuttle w^as projected 
at an appreciably higher speed from one side than from the other, s That the 
average speed is apparently larger than the initial in one instaS&j is the 
result of experimental errors 



Table I 

Details of Looms Investigated 
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Table H 

Initial and Average Shuttle Speeds ; Consecutive Picks ; Loom 2, no Warp. 

Initial . 40 0 36 6 40 5 36 8 40*1 37 0 40 1 feet per second 

Average 40 4 36 6 40*3 35*5 39 6 36 8 39 6 feet per second 

Although this result is in agreement with theory, it does not accord with 

a result given by Palmer,® who found a reduction in speed of 12-4% to occur 
between the time the shuttle attained its maximum speed and the time it 
reached the nearer selvedge. A comparison with the results of Kilgour, 
Waring and Boffey’ is inconclusive on account of the large but unsystematic 
variation with loom speed of the difference between initial and average 
shuttle speeds foimd by those authors, the maximum and minimum differences 
being 8-4 feet per second and -0*9 feet per second 

Similar results were obtained when a cotton warp, containing 104 ends 
per inch of 32s was present, provided there was no undue pressure of the 
warp on the shuttle This is shown by Table III, where the pick from one 
side was timed progressively later, which progressively reduced the clearance 
between the top shed and the front of the shuttle as it left the shed until 
mterference occurred. The clearance was measured when the rear of the 
full cross-section of the shuttle had reached the selvedge It will be seen that 
the interference was quite large before the average speed was seriously 
reduced. 

Table III 


Initial and Average Shuttle Speeds ; Loom 2 ; 32s Warp, 104 Ends per inch. 


Position of crank 
relative to bottom 
centre when pick¬ 
ing band was taut 

Clearance 

between top shed and 
front of shuttle 
when leaving shed 

Speed m feet per second 

Initial 

Aveiage 

Difference 

64® before 

0 4 inch 

31 9 

30 9 

1 0 

30® before 

0 3 inch 

33 6 

33 3 

03 

16® before 

0 0 inch 

35 2 

34 4 

08 

6 ® before I 

- 0 3 inch 

36 7 

35 7 

10 

10 ® after 

-0*7 inch 

38 8 

36 6 

22 

22 ® after 

-1 1 inch 

39 9 

36 6 

33 


The practical equivalence of the initial and average speeds is useful for 
expenmental purposes, because it is possible to measure the average speed 
more readily than the initial speed, and for this reason only the average speed 
across the race-board was measured in much of the subsequent work. 

(2) Average Shuttle Speeds on Cotton Looms : Typical Values. 

Although, as will be seen later, variations in loom settings may alter 
the shuttle speed appreciably, the typical values m Table IV for looms on 
routine weaving, as set by the overlookers in charge, are not without interest 
in view of the paucity of published results derived from direct measurement 
It is true that many of the estimates obtained indirectly are substantially 
correct, as, for example, m Hanton’s statement^ that “it is not generally 
considered desirable to attempt to run at a higher shuttle speed than between 
45 and 50 feet per second . but. . . the shuttle speed generally approaches 
the figure given,” but other estimates are very wide of the mark, as, for 
instance, the speed of 75 feet per second given in the Science Museum Cata¬ 
logue of Textile Machinery.^ 

It will be seen from the table that on the whole both the shuttle speed 
and the relative shuttle speed (as the ratio average shuttle speed/average 
loom speed may conveniently be called) increase with increasing reed space. 
The evidence, as far as it goes, also supports the expectation that, for a given 
reed-space, fast-reed looms demand a higher relative shuttle speed than loose- 
reed looms. 
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Table IV 


Typical Values of Shuttle Speeds for Looms on Routine Weaving 
(Mean of Picks from both sides). 


Loom 

No 

Type 
of warp 
protector 

Reed 

space, 

inches 

Loom speed, 
picks per 
minute 

Shuttle speed, 
ft per sec 

Shuttle speed 
Loom speed 

2 

Loose reed 

45 

201 

36 

0 18 

4 


46 

163 

31 

0 19 

5 


45 

260 

42 

0 17 

9 


60 

168 

36 

0 21 

7 

Fast reed 

45 

184 

40 

0 22 

11 


60 

163 

46 

0 28 

14 


70 

145 

43 

0 29 

15 


78 

138 

43 

0 27 

16 


92 

120 

46 

0 38 

17 


106 

117 

i 48 

0 41 

18 


40 

170 

36 

0 22 

19 

!! 

70 

135 

37 

1 0 27 

20 

>1 M 

70 

141 j 

36 

0 26 

21 


45 

175 1 

41 

0 23 

22 

i >1 ty 

60 

149 1 

33 

022 


(3) Factors affecting the Initial Shuttle Speed. 

Shape of the Picking Tappet 

The primary factor controlling the shuttle speed at a given loom speed 
IS the shape of that part of the picking tappet in contact with the picking 
bowl while the shuttle is being accelerated, and this may be specified in terms 
of the relation between the nominal displacement of the shuttle and the 
rotation of the crank-shaft Such a specification is dependent on other factors 
such as the dimensions of the connections between the picker and the picking 
tappet and the movement of the sley, but if these factors are kept constant 
the specification is valid for comparing different nose-bits. 

Loom makers supply nose-bits to give picks of different stieiigths,*' 
(that is, different shuttle speeds), and these are marked with dots in increasing 
numbers to indicate higher shuttle speeds, the different nose-bits being em¬ 
ployed usually with looms of different widths Although it is unlikely that 
there is any consistency between the markings of different makers, the 
shuttle speeds produced by a senes of nose-bits from one maker are of interest 
for the purpose of showmg what differences in speed aie considered important. 

Four different nose-bits supphed by one maker were employed on loom 2. 
The speed of the shuttle and its nominal displacement relative to the rotation 
of the crank-shaft were measured m each instance The results are given 
in Table V. 


Table V 

Shuttle Speed and Nominal Displacement for different Nose-bits ; Loom 2 


Number of dots maiked on nose-bit 

4' 

5 

I) 

7 

Shuttle speed, feet per second 

Nominal displacement after 30° rotation of crank-i>haft. 

41 1 

44 1 

49 3 

59 3 

inches 

7 80 

8 45 

9 70 

11 18 

Shuttle speed—nominal displacement at 30° 

5 27 

5 22 

5*08 

5 30 


^ Usual nose-bit ior this loom 


The correspondmg'curves of the nominal displacement of the shuttle 
plotted against the crank angle are given in Figure 4. Inspection of the 
graphs shows that during the phase of picking that theory shows to be im¬ 
portant, that is, for any particular value of the crank angle less than about 
30°, (Vincent, loc cit, p 9), the displacement and the slope of the displacement 
curve were greater the larger the shuttle speed and the number of dots. 
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The approximate constancy of the last row of figures m the table shows that 
the shuttle speed was approximately proportional to the nominal displacement 
of the shuttle after thirty degrees’ rotation of the crank-shaft. 

Loom Speed. 

Measurements of the cyclic fluctuations in loom speed durmg each revo¬ 
lution of the crank-shaft showed that the average loom speed dunng the 
traverse of the shuttle was not matenally different from the average taken 
over a whole revolution. The results are exhibited in Table VI 



Fig 4. 

Nomindl movements for different picking noses. 


Table VI 

Average Loom Speeds over a Complete Revolution and during Traverse of Shuttle 


Loom number 

0 

5 

5 

10 


10 

20 

22 

22 

22 

Average loom speed, picks per 

minute 

201 

250 

201 

171 

138 

121 

141 

141 

149 

159 

Average loom speed dunng 

shuttle traverse, ppm 

200 

250 

200 

169 

137 

121 

143 

141 

147 

158 


Now, since the rates of movement of the sheds and the sley are proportional 
to the loom speed, it follows that it is desirable for the shuttle speed to be 
proportional to the average loom speed if the same movement of the shuttle 
relative to the warp is to he obtained at all speeds without adjusting the 
picking Measurements were made to see how nearly this ideal was ap¬ 
proached. In addition, the average loom speed during the shuttle acceleration 
penod was observed, for it is the loom speed dunng this period that determines 
the shuttle speed, and a knowledge of its value is necessaiy when companng 
the observed results with theoretical expectations 

One senes of experiments was carried out on loom 2. When the loom 
speed was altered no change was made in the loom settings except to adjust 
the swell pressure so that the shuttle started from the same point 111 the 
shuttle box at all speeds. The swell resistance was never large enough, in 
view of the results of Table XVIII, to produce any appreciable effect on the 
shuttle speed. In addition, the relation between the shuttle speed and the 
loom speed dunng picking was readily obtained for a number of speeds without 




Projection—Thomas and Vincent 


'i'll 


changing the average loom speed merely by starting the loom with the crank 
at different positions and measuring the shuttle speed for the first pick and 
the loom speed while the shuttle was being accelerated Typical results 
obtained by both methods are given m Tables VII and VIII 


Table VII 

Shuttle Speed at Various Loom Speeds ; Loom 2 


Average loom speed, picks pei minute 
Average loom speed during shuttle accelera¬ 
tion period, ppm 
Shuttle speed, feet per second 
Relative shuttle speed 

Shuttle speed—average loom speed during 
shuttle accele ration period _^_ 


171 

186 

202 

216 

162 

169 

188 

198 

38 5 

39 0 

41 6 

42 8 

0 225 

0 211 

0 206 

0 198 

0 238 

0 230 

0 221 

0 216 


Table VIII 

Shuttle Speed and Average Loom Speed during Shuttle Acceleration Period; 

Loom 7 


Average loom speed during shuttle accelera¬ 
tion period, ppm 
Shuttle speed, feet per second 
Shuttle speed—average loom speed during 
shuttle acceleration period _^ 


no 

>8 1 

0 255 


123 
31 1 

0 263 


129 
32 5 

0 252 


136 
34 1 

0 251 


145 
36 6 

0 245 


It wiU be seen that the relative shuttle speed was not constant but 
increased on loom 2 by 12J per cent when the loom speed was reduced from 
216 to 171 picks per minute, showing that the shuttle speed was not stiictly 
proportional to the loom speed There was also a change in the ratio of the 
shuttle speed to the aveiage loom speed during the shuttle acceleration 
penod which is of theoretical interest Results qualitatively similar to these 
were found for a number of looms of different widths and various settings. 

Ttmtng of the Ptek. 

For these experiments the timing of the pick was vaiied over a much 
wider range than \vould have been possible had the warp been piesent. 
The results m Table IX show that on the whole the tendency was lor a later 
timing to give a higher shuttle speed The changes m speed with timing 
were less with the underpick loom than with the overpick looms and were 
absent with an overpick loom when the sley was fixed. These results can be 
explained in terms of the geometry of the picking mechanism and the 
variations m loom speed and will be discussed in more detail m a later section. 

Table IX 

Variation of the Shuttle Speed with the Timing of the Pick 


Loom 2 

/Timing ^ 

+45 

+35 

+ 17 

+ .1 

-10 

-22 

\Shuttle speed, ft poi set. 

27 5 

27 8 

28 5 

29 2 

30 7 

32 1 

Loom 2 

r 







short 

J Timing 

+ 54 

+40 

+25 

-pO 

32 n 

-6 

— 22 

picking 

band 

'] Shuttle speed, ft per see 

33 3 

32 8 

32 2 

32 8 

34 5 

Loom 5 

/Timing 

. +42 

+ 26 

+ 8 

-li) 



\ Shuttle speed, It per sec 

39 7 

40 8 

42 7 

44 0 

— 

— 

Loom 21 

/Timing 

+20 

+ 7 

-15 

-22 




/Shuttle speed, ft per sec 

40 5 

40 7 

41 0 

41 6 

— 

— 

Loom 2 

/Timing 

+55 

+36 

+ 12 

-5 

-18 

__ 

sley fixed 

"/Shuttle speed, ft per sec 

35 7 

35 9 

35 9 

35 b 

35 7 



♦Position of crank when picking band was taut measured in dcgiccs 
before bottom centre 
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Length of the Picking Band, 

Changing the length of the picking band is one of the simplest and most 
frequent adjustments that is made to the picking mechanism during routme 
weaving It is also a change that may occur spontaneously through stretching 
(particularly if the band be new), through recovery from stretch when the 
loom IS stopped, and through changes in humidity Such a change in len^h 
produces a double effect it alters the timing of the pick and also the position 
of the picking bowl on the nose^bit at the instant when the band is taut 
It IS possible, though not often done in the couise of routme overlooking, 
to separate the two effects by correcting for the change in tuning by altering 
the angular position of the picking tappet on the bottom shaft, which leaves 
imchanged the position of the bowl on the nose-bit at which the picking band 
becomes taut. 

The omnibus effect produced by changing the length of the band and 
makmg no other alterations was observed on a number of looms, and except 
in one mstance, where the speed reached a maximum and then decreased, 
progressive shortening of the band led to a marked progressive increase in 
shuttle speed Typical results are given in the second and foiuth lines of 
Table X, and the exception is given m the sixth line 


Table X 

Variation of Shuttle Speed with Length of Picking Band 


Loom 2 

/Length of picking band, inches* 

\ Shuttle speed, ft per sec 

17 8 
46 3 

18 1 
45 2 

19 4 
41-1 

20 8 
37 6 

22 0 
319 

Loom 7 

/Length of picking band, inchesf 
\ Shuttle speed, ft per sec 

9 8 
41 7 

10 7 
39*8 

115 
35 4 

12 7 
28 8 


Loom 17 

"{shuttle speed, ft per sec 

\io 
51 7 

11 3 
52 6 

12 1 
53 6 

13 1 
50'2 

13 6 
49 8 


*Meastirecl from picker to first pm on stick, usual length 19 4 incheb. 

{ Measured from picker to end of stick , usual length 10 7 inches 
Measured from picker to end of stick , usual length 110 inches 


By itself, the change m length of the band pioduced little change in 
shuttle speed as was shown by another experiment on loom 2 in which the 
other effects were nulhfied by changing the angular position of the picking 
stick relative to the pickmg shaft. The results are in Table XI 

Table XI 

Effect on Shuttle Speed of Change in Length of the Picking Band but with 
Timing and Nominal Movement unaltered 


Length of picking band, inches* 92 99 10 5 116 12 0 

Shu ttle speed, feet per second _^_ 34 3 34 8 35 3 36 1 36 6 

^Measured from picker to end of stick , usual length 10 6 inches 

How much of the omnibus effect is produced by the change in timing 
can be judged, in conjunction with results of the previous section, from the 
fact that a change of one inch m the length of the band produces a change 
in timmg of four degrees 

It will be seen that the effect is small, and since the length of the band 
by itself produces little effect, it follows that the major part of the omnibus 
effect is due to the fact that mth different lengths of band the picking bowl 
is in contact mth different portions of the nose-bit at the instant when the 
band IS taut, how the observed facts follow from this is explained in the 
theoretical section. 

Swell Resistance, 

Changes m swell resistance may affect the shuttle speed in two ways. 
There is a direct effect resulting from changes m the resistance offered to 
the shuttle during acceleration, and there may be an indirect effect, if the 
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swell pressure is great enough, resulting from variation m the position at 
which the shuttle comes to rest after the previous pick, since variation of 
the startmg position modifies the nominal movement dunng picking* It 
IS with the direct efiect that this section is concerned, and this effect was 
isolated by measuring the speed for single picks with the shuttle initially 
at the same position m the shuttle box The swell resistance was measured 
by attaching one end of a spring-balance to the forward end of the shuttle, 
placed m the shuttle-box at its normal startmg position, pulhng on the other 
end of the balance along the line of the shuttle path until the shuttle moved 
slowly out of the box, and observing the maximum force recorded* The 
resistance was variable and decreased rapidly after the shuttle had moved 
a few mches. The value of the crank angle when the shuttle began to enter 
the shed was also measured. The results are given in Table XII. 


Table XII 

Relation between Shuttle Speed and SweU Resistance ; Loom 2 
(usual swell resistance 4 5 lb, wt.) 


Maximum swell resistance, lb wt 

0 5 

20 

45 

62 

7 2 

Shuttle speed, feet per second 

Crank angle* when mid-point of shuttle was 4 2 mches 

40 9 

415 

41 8 

42 0 

42 0 

inside edge of reed, degrees 

104 

104 

104 

104 

KM 


•‘'Front centre ^0° 


It Will be seen that the swell resistance, paradoxical though it may appear, 
increases the shuttle speed to a small extent, but has no appreciable effect 
on the timing. The explanation is that the picking mechanism is placed 
under strain by the swell resistance, and when this strain diminishes suddenly 
there remams an unbalanced force which is available for accelerating the 
shuttle. Attention was drawn to this effect by Woodhousc and 
when attempting to account for the difference between the nommal and 
actual shuttle speeds. 

Mass of the Shuttle. 

The amount of checkmg a shuttle requires is dependent on its momentum, 
that IS, on its mass and its speed. Visual observation of the effect of the 
cheeking on the shuttle may therefore lead to erroneous views if a reduction 
in momentum is attributed to a reduction m speed when a reduction in mass 
IS the real cause. For example, the view is often held that under equal 
conditions a light shuttle moves more slowly than a heavy one. That this 
view IS mistaken is shown by Tables XIII and XIV, where it is seen that the 
shuttle speed was substantially independent of the mass of the shuttle. 
Table XIII also shows that the timing was not affected to any important 
extent, though the tendency was for a heavier shuttle to be picked later. On 
each loom the external dimensions of the shuttle were kept the same through¬ 
out the experiments and the mass was altered by varying the internal fittings 
The speed was measured for one direction of traverse only 


Table XIII 

Relation between Shuttle Speed and Mass of Shuttle; Loom 5 


Mass of 
shuttle, 
ounces 

Shuttle 
speed, 
ft per sec 

Crank angle* w 
of shuttle 
points 11 

den mid-point 
masses fixed 
traverse 

Crank angle 
interval for 
traverse 

On Side 

i 

OS. side 

5 06 

7 06 

8 10 

9 00 

419 

41 6 

41 6 

414 

142“ J 

143“ 

143“ 

144“ 

262“ 

263“ 

264“ 

267“ 

110 '* 

110 ° 

121 ° 

113° 


♦Front centre—O' 
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Table XIV 


Relation between Shuttle Speed and Mass of Shuttle ; Loom 22 ; three speeds 


Mass of shuttle, 
ounces 

Shu 

ttle speed, feet per secc 

>nd 

141 picks 
per minute 

149 picks 
per minute 

169 picks 
per minute 

13*6 

31*7 

33 3 

35-6 

ia*i i 

31*8 

33*2 i 

36^0 

18*7 1 

31*7 

33 3 1 

34*6 


Height of the Ptckmg BowL 

For all the looms tested the effect of raising the picking bowl within 
the limits set by the makers (from ^ inch to mches) was to reduce the 
shuttle speed. Typical results are given in Table XV. 

Table XV 

Relation between Shuttle Speed and Height of Picking Bowl 


T nrtm 9 / Height of axis of picking bowl above floor, inches 
\ Shuttle speed, feet per second 

16 1 
364 

16 3 
33 6 

16 5 
310 

16 8 
30*2 

T n /Height of axis of picking bowl above floor, inches 

\ Shuttle speed, feet per second 

11 7 
46 6 

12 0 
42*2 

12 2 
38 0 

12 6 
36 9 


Distance of the Picking Tappet from the Picking Shaft, 

It is obvious that for a given mcrement in the radius of the picking 
tappet at its point of contact with the picking bowl there will be a largei 
increase in angular movement of the picking shaft when the picking tappet 
IS nearer to it than when the picking tappet is further away. For this 
reason an increased shuttle speed would be expected as the picking tappet 
was moved nearer to the picking shaft Such a result was found with all 
the looms tested m this respect, and the figuies for loom 2 given m Table 
XVI ma3j^ be taken as typical The approximate constancy of the product 
in the third row shows that the shuttle speed was roughly inversely propor¬ 
tional to the distance of the picking tappet from the picking shaft. 

Table XVI 

Relation between Shuttle Speed and Distance of Picking Tappet from Picking 

Shaft; Loom 2 


Distance bet^\eea central plane of picking tappet and axis of 
picking shaft, inches . 4*0 4 6 5 0 6 4 

Shuttle speed, feet per second 39 0 36 7 33 3 31 1 

Distance X shuttle speed . 156 165 166 168 


Position of the Buffer 

The view is held by some that if the picking mechanism is checked 
immediately after the picking tappet has ceased to exercise control the 
“ pick will be choked “ or strangled and the shuttle speed will be reduced. 
This view tvas not borne out by experiment. The picking mechanism was 
checked progressively more rapidly by moving the buffer further away from 
the spindle stud The results are given in Table XVII 

Table XVII 

Relation between the Shuttle Speed and the Position of the Buffer; Loom 2 


Distance between buffer and picker at end of nominal stroke, 

laches , . 0 3 0 9 14 1 8 

Shuttle speed, feet per second . 43 8 43 8 43 5 43 8 








Table XVIII 

Changes in Shuttle Speed with Time ; New Brown Hairy Picking Band ; Loom 2 
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Prolonged Weaving. 

It IS clearly desirable that there should be no spontaneous changes in 
the shuttle speed as weaving continues. Such changes may arise through 
the working loose of nuts and bolts, through changes in length of the picking 
bands, and through changes in the degree of checking. None of these 
causes operates in a sufficiently systematic way for profitable study with 
the exception of the change in length of the picking bands. It is well known 
that new picking bands stretch, and this, by the results of an earlier section, 
wiU lead to a lowenng of the shuttle speed. Measurements show, however, 
that the stretching process is not continuous ; the bands recover partially 
from the stretching when the loom is stopped and there is a corresponding 
increase in shuttle speed on re-startmg These results are given in Tables 
XVIII and XIX. 

After some time the changes in length and the resultant changes m shuttle 
speed come to an end. It is not possible to state generally when this will 
occur, but the period is of the order of half a milhon picks - When old picking 
bands were used the changes in speed were small and irregular as shown m 
Table XX These results also suggest that where the humidity and the 
temperature are maintained constant the effects of other disturbances are 
small. 

Initial Gap between Picker and Shuttle 

From time to time in the course of routine weaving the shuttle may be 
obstructed in its passage through the shed, and may come to rest in the shuttle 
box with a space between it and the picker. As a result, the shuttle speed 
may be so reduced on the next pick that a bang-off or shuttle trap results It 
is of interest therefore to investigate the relation between the gap and the 
falling off of shuttle speed. This was done for a conventional picking nose 
and for one giving a constant nominal acceleration (Vincent, he, cit, p. 9) 
Smgle picks were measured, the loom being started from rest with the shuttle 
at the desired distance from the picker. The results are given in Tabic XXL 


Table XXI 

Effect on Shuttle Speed of Initial Gap between Picker and Shuttle; Loom 2 


Initial gap between shuttle and picker, inches 

0*0 

10 

20 

30 

40 

5-0 

Shuttle 
speed, 
f ps 

[conventional picking nose-bit 

1 Constant nominal acceleration nose-bit 

37 0 
37 0 

34 0 
36 9 

30 6 
34 6 

28 5 
33 1 

26 6 
31 2 

24 4 

28 7 


With the standard nose-bit the falling off in speed begins to be serious 
when the initial gap exceeds one inch, but a similar stage is not reached 
with the constant nominal acceleration nose-bit until the gap exceeds two 
inches For all values of the initial gap the latter nose-bit gives a greater 
speed. This property would lead to more rehable running during routine 
weaving than is given by the standard nose-bit 

(4) The Acceleration of the Shuttle 

Of less mterest to the overlooker, but of great importance to the loom 
designer, is the way in which the mitial shuttle speed is built up, for on this 
depends the magnitude of the maximum force required for picking which in 
turn determines the necessary strength of the parts of the mechanism con¬ 
cerned.^ The distance travelled by the shuttle while being accelerated is 
also of interest because it shows whether or not the shuttle boxes are being 
used to the best advantage. 

The sley was kept fixed for all the experiments described in this section 
This was done m order to reduce the fluctuations m the speed of the bottom 
shaft and in the height of the shuttle above floor-level, so easing the experi¬ 
mental difficulties. Nevertheless, the broad conclusions reached apply to 
similar looms with the sley oscillatmg in the usual way. 
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" QA typical displacement/time curve from loom 2 is shown in Figure 5 
“ (curve 2), together with the nominal displacement/time curve (curve i) 
obtained by turnmg the loom over by hand, noting the successive positions 
of the shuttle and the corresponding values of the crank angle, and finding 
the equivalent instants of time from a knowledge of the average loom speed 
during picking. The nominal displacement/time curve obtamed in this way 
is slightly inaccurate owing to the change in loom speed durmg picking, but 
as the sley was fixed this change in speed was only about 2 per cent., and the 
error in the nominal curve is correspondingly small. Also shown in Figure 
5 are the curves of the difference between the actual and nominal displace¬ 
ments, of the speed, and of the acceleration. The last two curves were 
derived by drawmg a smooth curve through the points obtained by plotting ^ 
the actual displacement agamst time, measuring the slope of the curve at 
intervals, plottmg the values of speed thus obtamed, drawing a smooth 
curve through them, and then repeating the process to obtain the acceleration 
curve. The accuracy of this last curve cannot be very high, and the large 
apparent acceleration initially may be due in part to cumulative errors. 
Similar remarks apply to Figure ii. 



TIME SECONDS 
Fig 5 

Displacement, speed and acceleration of the shuttle durmg picking for the conventional 

type of picking nose. 
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Reference to curve 3 of Fig 5 shows that the actual and nominal 
positions of the shuttle coincided initially, reached a maximum separation 
of 3-0 inches after 0-0155 second, and coincided agam after 0*0305 second 
at which time the maximum shuttle speed of 39 feet per second was attained. 
Such a deviation of the shuttle from its nominal position corresponds to a 
force of 60 pounds weight acting on the shuttle and picker with a consequent 
acceleration of 2,760 ft. per sec. per sec., if the mass of the picking mechanism 
and the fnction at the picker spindle be neglected This is a little more 
than the maximum observed acceleration, and this fact, in conjunction 
with the difference in shape of curves 3 and 5, shows that, except near the 
start, the actual acceleration was always less than would be expected 
Trom the force brought into play by the displacement of the picker from 
its nonnal position. 

Attention may be drawn to the wide fluctuation in the acceleration— 
from zero to 85 times the acceleration due to gravity—^to the smallness of 
the distance of 1*9 inches moved by the shuttle when the maximum accelera¬ 
tion was reached, and to the fact that the acceleration was completed within 
a distance of 8*0 inches. 

A concrete illustration of the lagging behmd and the subsequent catching 
up of the actual position of the shuttle compared with its nominal position 
is afforded by the deflection of the end of the picking stick dunng pickmg. 
The curve of the vertical component of the deflection plotted against distauce 
moved horizontally was obtained in the way already described. This 
curve, ^own in Fig. 6 {a), is comparable in form with that shown in Fig. 6 (6) 



Fig. 6. 


obtained by plottmg the difference between the actual and nominal positions 
of the shuttle at any instant against the distance moved by the shuttle 
No exact proportion^ity can be expected because of the stretching of the 
picking band and the tendency of the free oscillation of the stick to assert 
itself as is shown more clearly in Fig. 6 (c) at the pomt 0 This trace was 
taken on a similar loom on another occasion. 

On refemng agam to Fig. 5 it will be noticed that the shuttle travelled 
slowly at first, covermg, during 25 per cent, of the acceleration time, only 
5 per cent, of the total distance over which it was accelerated, and reaching 
22 per cent, of its final speed The speed gradually increased, but even 
when 50 per cent, of the acceleration time had elapsed and the shuttle had 







Projection—Thomas and Vincent 


ri<j 


reached 59 per cent, of its j&nal speed the shuttle had completed only 23 per 
cent of its accelerated travel. The nominal speed, as indicated by the slope of 
curve I, had a maximum value of 29*2 feet per second. Thus the final 
actual speed attamed was about i'3 times the maximum nominal speed. 

The effect of the mass of the shuttle on the acceleration is shown m 
Fig 7, which consists of displacement/time curves for three different values 
of the combmed mass of the shuttle and picker, together with the nominal 
displacement/time curve It will be seen that although the final speed is 
substantially the same for each mass, as indicated by the slopes of the curves 
where they intersect the noininal curve, the time at which this maximum 
speed IS reached is greater the larger the mass, as is also the maximum 
deviation between the actual and nominal positions of the shuttle. 



7 

elation between tlie actual displacement of the shuttle during picking and the mass of 

the shuttle 


Speed of the loom on the acceleration of the shuttle can 

win %T displacement plotted against 

ime in Fig, 8 for three different loom speeds and against ciank angle in 
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Fig. 9 for the same three speeds and an additional one. The same nominal 
displacements appear in all four nommal curves That with a crank-angle 
base will of course, be the same at all loom speeds, and the others will have 
the samp, ordmates plotted against abscissae on different scales With an 
incTPagA ui loom speed the maximum shuttle speed is attained m less time 
but at a later position m the crank cycle, and with a greater maximum 
displacement of the shuttle from its nomm^ position. 



Fig 8 

Relation between the displacement of the shuttle and time during picking for three loom 


The effect of changes in the equivalent elastic constant of the picking 
mechanism, denoted by A, is shown in Fig. lo. To obtain curve 3 the stand¬ 
ard picking mechamsm was employed, and its stiffness, as measured by the 
force parallel to the picker spindle required to deflect the picker, was 250 
pounds weight per foot. For curve 2 the picking band was replaced by a 
double length of rubber tubmg which gave a value of A of 80 pounds weight 
per foot. The maximum shuttle speed attamed, as indicated by the final 
slope of curves 2 and 3, was roughly the same, namely 23 feet per second, 
for both stiffnesses, but the times taken over attaining it were very different, 
namely 0.0395 second for curve 3 and 0.0645 second for curve 2. There 
was also a large difference between the maximum deviation from the nommal 
position, that for curve 3 bemg 2.5 mches corresponding to a force of 52 
pounds weight, and that for curve 2 being 4.7 mches corresponding to a force 
- of 31 pounds weight Thus by usmg a more extensible picking band and 
spreading the acceleration over a larger distance-—9.15 mches against 7.45 
inches—the same shuttle speed was attained with the expenditure of a smaller 
maximum force. 
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All the foregoing experiments on shuttle acceleration were performed 
with picking nose-bits of the conventional type which give a maximum 
nominal shuttle speed at or near the start of the pick. The results plotted 
in Fig. II were obtained with a special nose-bit, which, until near the end, 
gave a constant nominal acceleration from rest. As the shuttle speed was 
38.8 feet per second and the combined mass of shuttle and picker 0.7 pound, 
the results are comparable with those of Fig. 5. In contrast to them the 



Fig 9 

Relation between the actual displacement of the shuttle and crank angle during 
picking for several loom speeds 

nia:pmum deviation of the shuttle from its nominal position was 2.15 inches 
against 3.0 mches, corresponding to forces of 43 pounds weight and 60 pounds 
weight respectively, the maxununi acceleration was 1,480 ft. per sec. pei 
sec. ag^nst 2,500 ft. per sec. per sec.; and the acceleration extended over 
g.o inches as against 7.9 inches 


DISCUSSION OF RESULTS 

Vincent^ has shown how to calculate the initial shuttle speed in terms 
ti, « nominal movement of the shuttle, the loom speed during picking 
toe ^ective mass of the picker and shuttle and the stiffness of the picki^ 
formulae given in that paper, the shuttle sp^ has 
0/ instances and compared with the observed 
speeds. The results are given m Table XXII, together with the ratio of the 
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calculated speed to the observed speed. With one exception the observed 
speed was less than the calculated. 

No reason can be suggested for the exception other than the possibility 
of an error. For the entries under " loom 2, special nose-bit," loom 2 was 
fitted with a nose-bit giving a constant nominal acceleration. Loom 22 
had a nose-bit giving a relation between the nominal displacement (^) and the 
crank angle (0) of the form s :=:vd + q 6^ + ud^ where w, v and q are 
constante. The discrepancies may in part be due to the mass of the picking 
mechanism and the analogy worked out by Howell^® suggests that a lowering 
of the maximum speed could result. That this is not a complete explanation, 



however, is shown by the results of Table VII, which demonstrate that the 
shuttle speed is not proportional to the loom speed durmg picking as it 
should be theoretically even when the mass of the picking mechanism is taken 
into account. Other possible sources of discrepancy are the imperfect 
elasticity of the pickmg band and. in those instances where the nominal speed 
3S not constant, ignorance of the coefficient of friction between the picker 
the spixidle for the purpose of determining the effective mass of 
the pidker and shuttle. 
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Table XXII 


Comparison between Calculated and Observed Shuttle Speeds 


Loom number * 

2 

3 


5 

15 

16 

Observed shuttle speed, feet per 
. second . 

29 0 35*0 38*5 40*4 

33*7 


44*3 

43*3 

44*4 

Calculated buttle speed, feet per 
second . 

36*0 44*6 47*3 48*8 

42*5 

42*8 

51*5 

46*4 

49*0 

Calculated shuttle speed ^Ob¬ 
served speed . 

1*24 1*24 1*23 1*21 

1*26 



1*08 

1*10 


Loom number: 

2 

special nose* 
bit 

22 

Observed shuttle speed, 
feet per second 

38*8 

1 

3S-6 

29*3 32*4 32*9 33*5 

Calculated shuttle speed, 
feet per second 

39-4 

34*1 

27*6 34*2 34*9 35*3 

Calculated shuttle speed 
Observed speed . . 

I-OIS 1-014 

0 94 1-06 1*06 106 



TIME SECONDS 

Fig. II 

Displacement, speed and acceleration of the shuttle duiing picking plotted against 
time for a constant acceleration picking nose. 

The natiire of the deviation of the actual displacement of the shuttle 
from the calculated displacement durmg the acceleration period is shown in 
fig. 12 . Ci^es I, 2, and 3 are typical of a cone overpick loom with a 
convOTtional picking nose-bit. The divergence between the calculated 
and observed displacements is apparent from the start. With curves 4, 5 
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and 6 for the constant acceleration nose-bit the divergence between the calcu¬ 
lated and observed displacements is only apparent after nearly half the 
acceleration time has elapsed, though finally the deviations are not much 
less than with a conventional nose-bit in spite of the smaller discrepancy 
in respect of the final speed. 

At the present stage the cause of the discrepancy between theory and 
experiment must remain an open question, and the elucidation of it and the 
replacement of the present theory by a more exact one must wait upon 
further experiment under simplified conditions with a more homogeneous 
elastic system than one constructed of leather and wood. 



Curves giving the calculated and expenmentai values of the displacement of the shuttle 
durmg picking for two picking noses 

The every-day practical use of the formulae is hampered by the lack of 
exact knowledge of the average loom speed during picking m any particular 
instance, but the difficulty can be partially overcome by using a rough rule 
^nved from a large number of measurements, namely, that the ratio of 
the average loom speed during picking to the average loom speed is 
about 0.85 for looms driven by a belt from overhead shafting through 
fast loose pulleys, and about 0.92 when driven by a chain direct from 
motor. Using this and the fact, which follows from Table 
XXII, that the average value of the ratio of calculated to observed 
shuttle speeds is about i.i, the following semi-empirical formula for the 
shuttle speed on Lancashire looms can be given, namely V = 
AfP/F, where V = initial shuttle speed in feet per second, M « the distance, 
m mch^ moved by the picker when the loom has turned through 30 
de^^s from the band-taut position, P = loom speed in picks per minute, 
and F is the loom factor, which is 39 for a loom driven by a belt through fast 
and loose pulleys and 36 for a loom driven by chain directly from an electric 
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motor. In Table XXIII compansons are made for a number of looms 
between the observed speed and that given by the semi-empirical formula. 
It will be seen that 6o per cent, of the calculated results lie withm ± 5 per 
cent of the observed and the remainder lie within d= lo per cent. 

Table XXIII 

Comparison between Observed Shuttle Speed and that ^iven by 
the Formula, V == MPjF 

Loom number: 2 2 6 3 4 8 7 15 16 17 

Observed shuttle speed 44*1 41'1 44-3 33 7 33-4 44 4 40-7 43*3 44-4 47*0 

Calculated shuttle speed . 47*4 43 6 46*0 37 2 34 4 461 37*0 42 6 45*3 48 0 



Fig. 13 

Nominal displacement curves for various lengths of picking band. 

Tables XXII and XXIII mdicate that fair agreement exists between 
the observed and calculated speeds and thus we may assume that the 
theoretical premises are substantially correct, that is, the shuttle speed is 
determined in general by the nominal movement, loom speed during picking, 
the effective mass of the shuttle and picker, and the elasticity of the picking 
mechanism. Hence changes in shuttle speed produced by changes in loom 
settmgs must ultimately be represented by changes in one or more of the 
above quantities. Thus, in the experiments described in this paper, the effects 
produced by the diape of the picking tappet, the length of the picking band, 
the height of the bowl and the distance between the picking tappet and the 
pickmg shaft all follow from the different nommal movements they produce, 
the differences between the average loom speed during picking and the 
elasticities of the mechanism for the different settings being negligible. A 
typical set of nominal movements for varying lengths of pickmg band is 
given m Fig. 13, the corresponding observed and calculated (using the semi- 
empincal formula) shuttle speeds being given in Table XXIV. 
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Thus the changes in the calculated shuttle speed follow those in the 
observed speed. 


Table XXIV 

Length of Picking Band, Observed and Calculated Shuttle Speeds; Loom 2 


Length of picking band in inches . 

... 17-8 

18*1 

19*4 

20*8 

Observed buttle speed m feet per second ,.« 

... 46-3 

462 

41d 

37*5 

Calculated shuttle speed in feet per second 


44*2 

42*6 

39*6 


In Fig. 14 the nominal movements for two positions of the'picking bowl 
are given, the corresponding observed and calculated shuttle" speeds being 
given in Table XXV. 



Pig. 14 

Nominal displacement curves for two positions of the pickmg^bowl. 


Table XXV 

Height of Picking Bowl, Observed and Calculated Shuttle Speeds; Loom 2 


Distance between the axis of the bowl and floor in inches . . 16*1 16-8 

Observed shuttle speed m feet per second . 46«4 42*4 

Calculated shuttle speed in feet per second . 43 .O 39»8 


Agam the changes in the observed speeds are reproduced in the calcu¬ 
lated ones. 

The effect produced by cl^es in the timing of the pick follows from the 
variation m loom speed during picking together with the variation in the 
nommd movement produced by the movement of the sley. The latter 
effect IS treated anal3dical]y in the Appendix. Fig. 15 gives the nominal 
movem^t for three timings of the pick for loom 17, the observed and calcu- 
lated mutue speeds together with the directly determined average loom 
speed during picking being given in Table XXVI. 
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Table XXVI 

Timina of the Pick, Average Loom Speed during Picking, Observed and 
Calculated Shuttle Speeds; Loom 17 


Band'tant position: 

Degrees top ^aft before bottom centre ; 
Observed buttle speed, feet per second 
Calculated shuttle speed, feet per second ^ 
Average loom speed dnnng picking, picks^p 



-11® 

-44® 

47-0 

63*0 

67-6 

46*6 

66*4 

63*9 

109 

124 

136 



15 

Nommal displacement curves for various timings of the pick. 


In this instance the actual loom speed during picking was used in the 
formula mstead of the estimated value of 0.85 X the average loom speed, 
this being necessitated by the veiy large changes with timing of the average 
loom speed during picking|for this loom. 

As indicated in Tables XIII and XIV the massed the shuttle does not 
appreciably affect the shuttle speed, this being also a necessary consequence 
of the theory. 

Thus, as regards Lancashire looms, variations in shuttle speedfcan be 
qualitatively followed from the variations in the nominal movement and the 
absolute value of the speed can be calculated with fair accuracy by the 
application of the semi-empirical rule described. 


Acknowledgments. Thanks are due to Mr. H. Airey and Mr. P. Sutton 
for assistance with the experimental work. 
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APPENDIX 

MODIFICATION OF THE NOMINAL MOVEMENT OP THE PICKER BY 
THE MOVEMENT OF THE SLEY 


Referring to Fig. i6, OX represents the picker spindle at the instant 
when the picking band is taut, and O is a fixed point on the picker. OY 
and OZ are perpendicular axes forming with OX axes of reference fixed 
relative to the loom frame. O'X' represents the position of the picker spindle 
after completion of the effective part of the nominal movement of the picker, 
i.e. after about 30 degrees' rotation of the crank. O' represents the new 
position of 0 and O'Q represents the nominal distance moved by the picker, 
Q being the point of intersection of O'X' and OY, the picker spindle being 
assumed for ^plicity to move in a horizontal plane. P, P' are the positions 
of the efiective end of the picking stick corresponding to positions O, O' 
of the picker. Let the co-ordinates of P be (x, y, z), of P' be (x + X, y, z), 
and of O' be {a, h, o). 



r Th^ h IS the backward movement of the sley which occurs dunng picking, 
and a is the nominal movement of the picker whose value we wish to obtain. 

Neglecting the stretching of the picking band: 

OP = O'P' 

Jr ^ [X + X - aY + {y - bf + 

whence a — X Jr x ^ + 2 hy - . (i) 

It is seen from (i) that if 6 = o, a = X, as would be expected, i.e, if the 
sley is stationary the nominal movement of the picker is the same as that 
of the end of the picking stick. 

On a standard Lancashire loom, approximate values are at = 7", y =* — z" 
10 ~ 2 , & = i-|", so that ifihy - 6®) / x'^ is sufficiently small for squares and 
higher powers to be neglected. 

Hence we have approximately 


^ 

a ^ X J^ . .. ( 2 ) 

2X X ^ ^ 


The effect of the timmg can now be seen. Its chief effect is on y. Later 
tiimng of the band-taut position will cause the spindle to he further back 
and dunmish y algebraically; 5 will be httle changed by the change in 
ti^g and so a larger value of - byjx will result, and for a given change in 
y the ^ange m a mil be larger the smaller the value of x, that is, the shorter 
hmd. Usually y is less algebraically than 1/2 and hence 
\P I ^ — byl^x) K positive and the nominal movement of the picker is 
usually greater than the nominal movement of the end of the pickhig stick. 
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2—THE CHECKING OF SHUTTLES IN POWER LOOMS 

By I. H. Thomas and J. J. Vincent. 

{Copynght hy the TexUU 


ABSTRACT 

The checking of shuttles has been studied by obtaining the displacement/ 
tme relation for the shuttle when being checked in the shuttle box, Froin, 
this relation was obtained the maximum value of the retardation and the 
speed of impact of the shuttle with the picker. The position at which the 
shuttle came to rest was also observed. The maximum value of the retarda¬ 
tion was found to vary from about 50gf, for a 45-inch loom fitted with a con¬ 
trolled swell adjusted to stop the shuttle just ^ort of the picker, to at least 
220g for a 6o-incb fast-reed loom with a plain swell {g is the acceleration 
due to gravity). The speed of impact of the shuttle with the picker was 
negligible with a controlled swell, but was high (up to 40 feet per second) 
when plain swells were employed The variation of the rest position of the 
shuttle over 1,000 picks was about J- in. to f m. The use of an accelerometer 
givmg direct readmgs of the maximum retardation is described, and com¬ 
parisons of results obtained by the two methods are made. It is shown that 
the accelerometer may fail to respond to high transient values of the 
retardation, but this does not impair its usefulness for comparative purposes. 

INTRODUCTION 

The nature of the motion of the shuttle while it is being checked is not 
ascertamable directly without recourse to special means of observation, 
and this doubtless accounts for the small amount of available mformation 
relating to checking and for its somewhat conflicting nature. Kilgour, 
Waring, and Boffej^ have carried out some experiments on a fast-reed linen 
loom from which they conclude that " up to a loom speed of about 180 picks 
per minute the residual velocity of the shuttle on arrival at the picker at 
riie back of the box must be considerable.** This is m agreement with a 
deduction made by Hanton^ in which he shows that a shuttle entering the 
box at about 43 feet per second would strike the picker with a speed of 41 
f .p.s. Hanton considers the checking as occurring m two stages : one during 
which the swell alone acts, and the other during which the picker and check- 
strap act as wdl, the retardation in each stage being considered uniform. 
Wilmot,’ on the other hand, assumes, without statmg the grounds for his 
assumption, that the retardation takes place in a smgle stage, during which 
the motion is simple-harmonic. A third view is expressed in the International 
Correspondence Schools Reference Library,® where it is stated: Before 
the shuttle touches the picker in the receiving box, the shuttle has already 
been checked to a great extent by the swell and the shghtly narrowing 
width of the box.** In no publication is there much discussion of what is 
the desirable form for the retardation to take and whether the motion 
described is satisfactory or not. The most explicit statement is that of Wood- 
house and Milne,® who, in reference to the check-strap, state • " a travel 
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of 3 inches in a 45-mch reed space loom is not too much. If the travel be 
short and the shuttle be checked suddenly, it is practically equivalent to 
having no check-strap at all, and results in the shuttle rebounding, in broken 
cops, and in ravelled pirns Checking should not begin, however, until 
the shuttle has actuated the warp protector." 

It IS not difficult to lay down the conditions which the checking should 
fulfil They are: (i) the shuttle should come to rest in contact with the 
picker at the same place in the shuttle-box after each pick, (2) the maximum 
value of the retardation should be kept as small as possible, and (3) the speed 
of impact of the shuttle with the picker should be as small as possible. 
These conditions are not entirely independent smce (3) is largely implied 
by (2), for impact always results in rapid retardation. The first condition 
aims at ensunng that the shuttle speed on the following pick has a constant 
value, and that weft feelers, where fitted, produce a mmimum of waste; 
the second aims at reducmg to a minimum the force tending to displace and 
disintegrate the weft package; and the third condition aims at reducing 
the rate of wear of the picker. The second condition is the most important 
because too rapid retardation may lead to undesirable restriction of the loom 
speed or the size of the weft package, or may require the fitting of new 
shuttle tongues to suit new deliveries of cop weft diffenng slightly in bore 
so as to ensure that the cop is held firmly enough to withstand the tendency 
to displacement dunng checking 

For a given shuttle speed, the maximum retardation during checking 
cannot fall below the value corresponding to uniform retardation over the 
whole length of the shuttle-box, and this is the form of retardation at which 
to aim. Such retardation has the effect of prolonging the time for the 
shuttle to leave the shed, and hence for the same timing of the looma higher 
initial shuttle speed is necessary. This effect has been exaggerated in technical 
wntings to such an extent that it is usually recommended that checkmg 
should not begin until the shuttle has completely left the shed, but, as the 
calculation given m Appendix I shows, if the whole shuttle-box is employed 
for retarding the shuttle uniformly, the extra time taken for the shuttle to 
leave the shed completely, compared with that taken with the recommended 
arrangement, is only about 7 per cent, of the total traverse time, and if uni¬ 
form retardation begins when six inches of the shuttle remain m the shed 
then the traverse time is mcreased by less than 2 per cent. Where the shuttle 
speed is already high, increasing it by 7 per cent, might be undesirable, but 
usually this would not be serious. Certainly an increase of 3 per cent., or 
12, f.p s. on 40 f p.s, corresponding to checking beginning while 8 inches 
of the shuttle remained in the shed, would always be tolerable, and yet the 
improvement m the checkmg would be very large ; for, as will appear later 
about 6 mches of the shuttle-box are used for checking at present, whereas 
with checking beginning when 8 inches of the shuttle remained in the shed 
there would be available about 14 mches for the checking of the shuttle, 
which if correctly used would reduce the maximum checking force to about 
one-eighth of the value occurring at present with plain swells. 

It was with the object of confirming or refuting the views expressed by 
the authors cited above, and of testing how nearly checking in practice 
approaches the ideal conditions laid down, that the present work was under¬ 
taken. It IS hoped, too, that the methods of mvestigation employed may 
prove useful for testmg the value of new types of checking mechanism. 
Such tests would establish, quickly and accurately, results which otherwise 
could only be obtained with difficulty by prolonged and careful collection 
of information relating to the durability of pickers, amount of weft waste, 
and the frequency of shuttle traps 
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METHOD AND APPARATUS 

The position of the shuttle when at rest in the shuttle-box was deter¬ 
mined by means of a spring-seated needle in the way already described m 
the paper An Experimental Study of Shuttle Projection 

The speed of the shuttle before and during checking was measured 
exactly as described in that paper, except that instead of the circular hole 
m the back of the shuttle-box through which shone the beam of light marking 
the position of the shuttle, a vertical slot, -ft; inch wide and i inch long, was 
employed, which allowed observations to be made with the sley moving 
normally. 

The maximum value reached by the retardation was measured directly 
in some mstances by means of the accelerometer shown in Fig. i. Fitted 
to the shuttle after the removal of the tongue, the accelerometer is held by 
means of special grips and Gg adapted to fit shuttles of different widths. 
Each grip consists of a steel block fitted with three small fixed steel spikes 
on one side, and a large spike on the other which screws in or out of the block 
The large spike is screwed out until it enters one waU of the shuttle while 
the three small spikes enter the other, and movement of the block is com¬ 
pletely prevented As an alternative to the gnp near the end of the shuttle 
at which the heel of the shuttle-tongue would normally be, it is convenient 
to use a block shaped like the heel of a shuttle-tongue and to anchor it with 
a hmge-pm Connecting the two gnps Qx and Ga is a stainless steel rod R, 
partly of square and partly of circular cross-section, upon which a steel 
compression spring S fits loosely with one end resting against a knurled nut 
N, and the other end against a brass block M The nut N mates with a 
threaded portion of the rod R and is locked by a locking rmg L The brass 
block M is an easy sliding fit on R, which in this region is of square cross- 
section, and is held by the compression spring against the grip Gg. Mounted 
on a pivot fixed in G a is a light pointer P, balanced about its axis of rotation, 
and prevented from rotatmg by a small adjustable frictional resistance 
applied by a sprmg on the under side of the gnp Gg. When the block M is 
in contact with the grip Gg the pointer P is set to rest against an extension A 
fixed to M, and if M moves away from Gg the pointer is rotated and remains 
displaced when M resumes its original position The pointer thus serves 
as a sensitive indicator of whether M has been momentarily displaced, since 
the end of the pointer magnifies the movement of M by four. The displace¬ 
ment of the pomter may be read off on a scale attached to Gg* 

When the shuttle is accelerated in the direction Gi to Gg, the block M 
will separate from Gg unless the force apphed by the compression spring 
is equal to, or greater than, the mass of M multiphed by the acceleration of 
the shuttle, ^y such movement is indicated by the pomter P, and the 
method of use is to compress the spring just enough to prevent separation 
of the mass and the stop For very accurate work the point of balance 
may be obtained by notmg the deflection of the pomter for a number of 
lengths of the spnng when msufficiently compressed to achieve a balance 
and then obtaining by extrapolation the length of the spnng corresponding 
to zero deflection of the block M. When this method is used, and there is 
some vanation in the retardation from pick to pick, the extrapolated value 
will approximate to the average value of the retardation The compression 
of the spring is measured on the scale T which for a given spring and block 
may be cahbrated m units of g, the acceleration due to gravity, (The scale 
shown m the photograph had still to be cahbrated.) 

Smce the mass of the spring is not neghgible, the force applied by the sprmg 
to the block M for a given amount of compression is less dynamically than it 
is statically. The calculation m Appendix II shows that the correct value 
of the acceleration is obtained by addmg half the mass of the spring to the 
mass of the block, and using the static force corresponding to the observed 
compression. 
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The total mass of the accelerometer is roughly the same as that of a 
shuttle tongue, pivot and spring, together with a full cop. This ensures 
that the shuttle under test has about the same mass as the normal shuttle 
contaming a full cop, the retardation of the shuttle in this condition being 
of most interest. In using the accelerometer this point has to be checked, 
particularly where large cops are used, because if the mass of the shuttle 
containing the accelerometer were different from normal, its retardation 
would be different. If necessary the shuttle is weighted for the purpose of 
the test. 

RESULTS 

Loose-reed Loom with Normal Swell and Check Strap 

Experiments were earned out on a Wm. Dickinson 45-inch reed-space, 
loose-reed loom, runnmg empty at 200 picks per minute. The results for 
such a loom may be taken as typical of its class 

Variation of the shuttle*$ rest position. With a cop of weight i oz, in a 
shuttle of weight 7.4 oz. the range of vaiiation in the shuttle's rest position 
occurnng while the loom ran for 1,000 picks (i.e there were 500 entries of 
the shuttle into the particular box under observation) was 0.55 inch, and when 
the shuttle was empty was 0.49 inch. The two ranges overlapped—the 
empty shuttle, on the average, not gomg so far into the box as the full one— 
and covered between them a distance of 0.71 inch 



Relation between speed of shuttle and distance moved dunng checking 
on a loose-reed loom with plam swells. 

Speeds changes. The changes in speed which occurred durmg checking 
when an empty shuttle of weight 7 4 oz. was used are shown m Figs. 2 and 3 
where the speed is plotted against distance and time, respectively. The 
loom was set exactly as it had been when running with warp and weft. 
The position at which the shuttle comes to rest can be determined accuiately,' 
but not the time, owing to the slow movement of the shuttle just before 
motion ceases For this reason Fig. 2 is more complete than Fig. 3. 
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It will be seen from Fig, 2 that the speed of the shuttle remained 
unchanged until it was within 4.65 inches of its rest position. During the 
next 2.75 inches of travel, the retardation, which resulted from the action 
of the swell alone, was slight and led to a ifall in speed of only 10 per cent. 
Such a retardation is equivalent to a uniform retardation of 25gr (where g is 
the acceleration due to gravity) over the same distance and this would be 
produced by a constant resistance of 11.6 lb. weight. The checking became 
really effective from the time when the shuttle struck the picker, when the 
inertia of the picker and check-strap, the friction of the check-strap on the 
picker-spindle, and the friction of the swell, were all acting together. The 
effect of this resistance was to bring the shuttle to rest from a speed of 40.0 
feet per second in 1,90 inches. This restardation was equal to a uniform 
retardation of 157^ over the same distance and this retardation would be 
produced by a resistance of 73 lb. weight. 



3 

Relation between speed of shuttle and time dunng checking on a loose-reed 
loom with plain swells 


The non-uniformity of the retardation is apparent from the deviation 
from a straight hne of the curve in Fig. 3. From the same figure it appears 
that the total time during which checkmg took place was about o.oi second, 
corresponding to about 12° rotation of the top shaft, the average loom 
speed during checkmg being 196 picks per minute. 

Speed of impact of the shuttle mth the picker The shuttle struck the 
picker with a speed of 40.0 feet per second, which was 90 per cent, of the 
unchecked speed. 

Loose-reed Loom with a Controlled Swell 

The conditions were the same as in the previous section except that the 
ordinary swell and check-strap were replaced by a controlled swell, and the 
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loom was run for single picks only. It should be noted that some of the 
settings would have been too critical to have allowed of satisfactory con- 
tmuous running under industrial conditions in view of inevitable variations 
m the speed of the in-coming shuttle when a warp is present The con¬ 
trolled swell was of the type where an arm operated by the crank-arm increased 
the swell pressure during the time when the shuttle was entering the box, 
but reduced it to a very small value at other times, in particular when the 
shuttle was leaving the box. In this way it was possible to apply a consider¬ 
able retarding force to the shuttle during checking without adding to the 
force required to pick the shuttle out of the box. 

Vanaiion of the shuttle's rest position For this experiment the swell 
was set by an experienced overlooker to what he considered the correct 
setting, his critenon being that the empty shuttle should just reach the picker, 
which condition he judged by placing his thumb behind the picker while 
the loom was running. This setting would not necessarily be correct if a 
warp were present. 

With a cop of weight i oz. in a shuttle weighing 7.4 oz the range of varia¬ 
tion m the shuttle’s rest position occurnng while the loom ran for 1000 picks 
was o 38 inch and when the shuttle was empty was 0.40 inch The two ranges 
covered between them a distance of 0.58 inch. 

Speed changes. The changes in speed occurring during checking are 
shown m Figs. 4 and 5, where the speed is plotted against distance and tune, 
respectively. In Fig. 4 the results for three different settings of the swell 
are plotted, and in Fig. 5 the corresponding results for the two extreme 
settings. The slight differences in the unchecked speeds are due to experi¬ 
ments errors and to slight changes in the loom from one occasion to another, 
and are of no significance. Fig. 4 shows that with setting i the shuttle just 
reached the picker at the outer end of the box after being retarded over a 
distance of 6.0 inches. This retardation was equivalent to a uniform retarda¬ 
tion of 45^ which would be produced by a constant resistance of 21 lb. 
weight. With settings 2 and 3 greater pressure was applied by the swell, 
and the rest position of the shuttle fell short of the picker by 0.7 inch and 1.3 
mch, respectively, the retardations being equivalent to uniform retardations 
of 49gr and 6ig, which would result from resistances of 23 lb. weight and 
28 lb. weight, respectively. It will be observed that the minimum value 
of the retardation is obtained when the shuttle just reaches the picker, 
that is, when all the retardation is effected by the swell. If the swell-pressure 
IS increased above the value necessary to achieve this, then the retardation 
takes place over a shorter distance and reaches a higher value. On the other 
hand, if the swell-pressure is reduced, impact with the picker occurs and 
this also leads to a higher value of the retardation. 

The graphs in Fig. 5 show that the retardation was more uniform than 
with the standard swell and check-strap (cf. Fig. 3). The times taken to 
check the shuttle for settings i and 3 exceeded o 013 second, equivalent to 
15° rotation of the top shaft. 

Speed of impact of the shuttle with the picker. For setting i the speed 
of impact was practically zero, and for the other two settings impact did 
not take place. 

Fast-reed Loom with Normal Swell and Check Strap 

Expenments were carried out on a Pilling 60-inch reed-space fast-reed 
loom runnmg at 181 picks per minute. 

Variation of the shuttle's rest position. With a cop of ^weight i oz, m a 
buttle weighing 10.3 oz. the range of variation m the shuttie’s rest position 
occurring while the loom ran for 1,000 picks was 0.20 mch, and when the 
shuttle was empty was 0.22 inch. The two ranges covered a total distance 
of 0.30 inch. 
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DISTANCE MOVED BY SHUTTLE FROM A FIXED REFERENCE POINT - INCHES 
Fig 4 

Relation between speed of shuttle and distance moved dunng checking on a loose>xeed 

loom with controlled swells 



time from shuttle passing a fixed reference point - SECONDS 


Fig. 5 

Relation between speed of shuttle and time dunng checkmg on a loose-reed loom with 

controlled swe&. 
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Fig. 6. 

JRelatioa between speed of shuttle and distance moved during checking on a fast-reed 

loom 



Fig. 7 . 

Relation between speed of shuttle and time dunng checking on a fast-reed loom 
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Speed changes. The changes in speed which occurred dunng the checking 
of an empty shuttle of weight 7 6 oz. are shown in Figs 6 and 7. In Fig 6 
four repeated sets of observations are plotted against distance, and m Fig. 7 
one set is plotted against time The retardation took place over a disteince 
of 6 3 inches, m about 0.02 second, and occurred in three stages. In the first 
stage, dunng which the swell alone was acting, the shuttle moved 4 5 inches 
and the shuttle speed was reduced by 32 per cent This retardation was 
equivalent to a uniform retardation of acting over the same distance, 
which would be produced by a force of 22.3 lb weight. 

The second stage mcluded impact with the picker and during this stage 
the shuttle moved 0.65 mch and lost a further 33 per cent of its unchecked 
speed. This letardation corresponded to a uniform retardation of aigg, 
which would be produced by a force of 104 lb. weight. In the last stage, 
extending over i 35 inches, the friction of the check-strap and the swell 
were both acting The retardation produced was equivalent to a uniform 
retardation of 39^ which would be produced by a force of 18 5 lb. weight. 
The irregulanty of the retardation is shown by the non-linearity of the 
curve m Fig 7 



Fig. 8. 

Relation between speed of shuttle and distance moved during checking on a fast-reed 
loom for various swell pressures. 

Speed of impact of the shuttle with the picker. The shuttle struck the 
picker with a speed of 33 feet per second or 68 per cent, of the unchecked 
speed. The efEect of increasing the tension in the stop-rod springs was to 
reduce the speed of impact of the shuttle with the picker and so reduce the 
retardation occurrmg at that stage This result is shown in Fig 8 where it 
will be seen that when the swell-pressure was increased from 0.5 lb. weight 
to 13,5 lb. weight the impact speed was reduced from 96 per cent, of the 
unchecked speed to 34 per cent., and the fall in speed m the half-inch foUowmg 
unpact dropped from 16 f.p.s. to 3 f.p.s. It wiU be noticed that at the lowest 
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swell-pressure the unchecked shuttle speed was less than with the higher 
swell-pressures. This was due to rebounding of the shuttle m consequence 
of the inadequate checking and this caused the picking to be shghtly defective. 
Results Obtained with the Accelerometer 

Using the loose-reed loom and the controlled swell already referred to, 
set to various pressures, some comparisons were made of the maximum 
retardation recorded by the accelerometer with the maximum value obtained 
indirectly from the photographic measurements The acceleration of the 
shuttle was calculated from the slope of the speed/distance curve in the form 
vdvjds where v is the speed and s the distance traversed. Since v involves 
a diSerentiation of s with respect to time, the value of the acceleration 
involves two differentiations and its accuracy cannot be high. Another 
factor that may lead to a difference between the two values, arises from the 
retardation measured photographically being the value for a single pick, 
whereas the retardation obtained by the accelerometer is approximately an 
average value for a number of picks, since the point of balance was obtained 
by extrapolation. The two sets of values are compared in Table 1 . It will 


Table 1 

Maximum Retardation obtained Photographically and by Accelerometer 


Test No 


1 

2 

3 

4 5 

Retardation, 

Retardation, 

by accelerometer 
from V, s curve 

94g 

112 g 

lOBg 

lOZg 

145g 

94g 79g 
126g llOg 


be seen that for tests i and 2 the results obtamed by the two methods are in 
quite close agreement, but for the remaining tests the accelerometer readings 
are all less than the corresponding values obtained indirectly, although the 
two methods place the retardations in the same order Examination of the 
speed/distance curves revealed that in the first two tests the rate of change 
of the retardation with distance in the neighbourhood of the maximum 
was much less than in the remaining tests. It seems probable, therefore, 
that the accelerometer fails to respond to high transient values of retardation 
For mill investigations the accelerometer possesses obvious advantages 
over the other method. Some typical results are given in Table II. An 
early model of the accelerometer, calibrated m arbitrary units, was used in 
one mvestigation, but for comparative purposes this was no disadvantage. 
The looms designated ” unsatisfactoryhad given cause for complaint in 
respect of checking on account of the tendency to break cops in one case, 
and because of the noise in the other, and comparisons were made with 
similar looms that were considered satisfactory It wiU be seen that the maxi¬ 
mum retardation was appreciably greater in the unsatisfactory looms than 
in the correspondmg satisfactory looms 

Table 11 

Measurements of the Maximum Retardation on Looms at Mills 


Loom No Retardation Condition 



"171 

76^ 


Satisfactory 

MiU A * ^ 

1 137 
; 162 

96 

107 

arbitrary 
^ units 

Satisfactory 

Satisfactory 


144 

134 

Unsatisfactory 


L126 

144 J 


Unsatisfactory 

MiU B ^ 

r 24 

125g 

Satisfactory 

23 

157g 

Unsatisfactory 


The accelerometer was also used to test the effect of gougmg a hole in a 
new picker It is commonly asserted that if a hole is not gouged, cops will 
be broken or knocked off the shuttle tongue by the impact of the shuttle 
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with the picker,® which is equivalent to saying that the gouging of a hole 
reduces the maximum retardation. Experiments were carried out with the 
loose-reed loom descnbed above fitted with a normal check-strap and swell. 
Each side of a picker was used m turn; one was gouged, the other not. 
Each side was used five times alternately with the other tor a sufficient number 
of single picks to determine the retardation with the accelerometer. In 
the course of the test a hole was formed in the ungouged side, but its diaineter 
and depth were 5 mm. and 2 5 mm., respectively, which were both consider¬ 
ably smaller than the corresponding dimensions, 13 mm. and 9 5 mm., of 
the hole m the gouged picker. The average value of the retardation was the 
, same whichever side of the picker was used, suggesting^^that gouging had no 
appreciable effect. 


DISCUSSION OF RESULTS 

Although there is considerable vanation from loom "^to loom in the 
mdustry in respect of the construction and setting of the shuttle-boxes, the 
physical dimensions of the parts are sufficiently alike for broad conclusions 
to be based on the results of the experiments performed on the two particular 
looms descnbed. 

The first pomt that emerges is that a vanation in the shuttle's rest position 
of from half to three-quarters of an inch must be quite common, and that of 
this variation less than one-quarter of an inch can be attributed to the differ¬ 
ence in mass between a full and empty shuttle. Such vanation will affect 
the picking to a varymg extent depending on the nature and the extent of 
the nominal picking movement, and although obviously not serious for most 
of the time, it must add to the difficulty of ensunng on every pick a satis¬ 
factory traverse of the shuttle combined with a minimum shuttle speed. 
The effect on the operation of weft feelers may be more senous, to an extent 
depending on the particular design, and may lead either to excessive waste, 
or to failure of the loom to stop before the weft is exhausted The fast-reed 
loom tested was better in this respect than the loose-reed loom, but it would 
be unwise to generalise from this 

The maximum values of the retardation cannot be known with certainty, 
since the measurements are not sufficiently accurate, but it is safe to say 
that the maximum retardation was at least i37g, 45g, and 219^ respectively, 
for the loose-reed loom with plain swells, the loose-reed loom with contro led 
swells, and the fast-reed loom with plain swells, these values having been 
calculated on the assumption of uniform retardation over the relevant stage 
of checking With the controlled swell the checking was fairly uniform so 
that the maximum retardation did not probably exceed 45g by a great deal, 
but in the other two cases the maximum retardations may have been con¬ 
siderably greater than the figures given The most strikmg fact is the superi- 
onty of the controlled swell in keeping down the maximum retardation of 
the shuttle The reason for this is the absence of impact at high speed 
with the picker. The higher value of the retardation with the fast-reed 
loom probably results from the greater mass of the picker and check-strap 
in relation to the mass of the shuttle, this arising from the greater width of 
loom. 

On both looms, when fitted with plain swells, the speed of impact of the 
shuttle and picker was high The fast-reed loom was superior in that a 
larger fraction of the unchecked speed was destroyed before impact, and this 
result is probably generally true smee the swells on fast-reed looms are longer 
than on loose-reed looms due to the absence of the box flap, and, moreover, 
the swells combined with the stop-rod mechanism provide a more effective 
check than the simple swell on the loose-reed loom. The controlled swell 
was much superior to both the others smee the speed of impact with the 
picker was negligible. 
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It IS clear from these results that the checking on looms fitted with 
plain swells is very far from satisfying the conditions laid down in the 
Introduction. The controlled swell is satisfactory m respect of the speed of 
impact with the picker and is better than the plain swell m respect of the 
maximum retardation, but since the retardation takes place over only 6 
mches compared with a possible 14 inches, it is clear that the lowest possible 
retardation has not been achieved. Assuming an unchecked speed of 40 
f.p.s., uniform retardation to rest over a distance of 14 inches would have 
the value of 2ig This compares with a value of about 43g occurring with 
the controlled swell, and values greater than 157^ and 219^ occurring with 
the two plain swells. The apparent superiority of the controlled swell , 
prompts the query as to why it is not more widely used. The answer would 
appear to be that if the sweU is set so that during normal running the shuttle 
just reaches the picker, then if the shuttle speed is low for any reason (the 
most common being slow startmg of the loom) the shuttle will stop short 
of the picker and on the next pick the shuttle speed will be low, leading pos¬ 
sibly to a shuttle trap. With the plain sweU in similar circumstances the 
shuttle wiU reach the picker and the next pick will be little affected. There 
are various ways in which the difficulty with the controlled swell can be met, 
but it is not proposed to discuss them here. 

The results show that the statements of Kilgour, Waring and Boffey,^ 
and of Hanton^ (cited in the Introduction), to the effect that with the plain 
sweU there is httle retardation of the shuttle before it reaches the picker, 
are substantiaUy correct, but there seems to be no justification for Wilmot's 
assertion*^ that the motion of the shuttle during checking is simple harmonic; 
while the statement m the International Correspondence Schools Reference 
Library,^ that the shuttle has been checked to a great extent before reaching 
the picker, is definitely wrong in relation to the plain swells to which it referred. 

In view of the inadequacy of existing swells it would not be profitable 
to determine more accurately, or for a larger number of looms, the exact 
form of the retardation. Further work in this field can best he devoted 
to improving sweUs and testing their behaviour, for which work the shuttle- 
position indicator, the accelerometer, and direct-reading speedometer,® 
wiU sufiice as instruments of observation. 
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APPENDIX I. 

THE EFFECT ON THE TIME OF TRAVERSE OF THE SHUTTLE OF 
CHECKING THE SHUTTLE WHEN PARTIALLY IN THE SHED, 
ASSUMING UNIFORM RETARDATION 

Let V = the shuttle speed when the leading tip of the shuttle enters the 
shuttle-box, 

I = the length of the shuttle, 
h = the length of the shuttle-box, 

c = the distance the shuttle penetrates the box before checking 
begins. 

Then while traversing the distance c the shuttle retains its initial speed 
and hence the time taken is cjv It is assumed that thereafter the shuttle is 
uniformly retarded in such a way as to come to rest at the outer end of the 

box. The magnitude of this retardation is therefore'-With this 

2(5 -c) 
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retardation, the tune taken for the remainder of the shuttle to leave the shed 

IS^whereZ -c ^vt --- 

4 (& - c) 

^ ^ 2{h~c)-2y/[b-c){b-l) ,, 

whence - — -■' .i) 

V 

the negative square root being taken smce the time taken to traverse the 
distance Z - c cannot exceed the time taken to traverse the distance & -c, 

which is-^-. 


The total time, T, for the whole shuttle to enter the shuttle-box is 
-r , 2(^ -C) - V(& -C) {b-1) 


therefore T --1- 

V 


i.e. T = 


2b-c--2 -c) {b -Z) 


When no checkmg occurs until the whole shuttle is m the box then c==Z, 

the time for leaving the shed is a minimum, and ^^Ijv .(3) 

When checkmg starts immediately the shuttle reaches the mouth of the 
box, then c=0, the time for leaving the shed is a maximum and 


T = 


2b -2 ^/b {b -1) 


( 4 ) 


Substitutmg typical values for a 45-inch loom ; v—40 f.p,s, Z=i4 in.; 
b=:2om, 

then 0*0292 sec. 
andr,^= 0*0376 sec. 

” T*o*ooS4 sec 

The minimum traverse tune for the 39 inches comprising 45 inches of 
reed-space and 14 inches of shuttle=0*123 sec. 

Therefore 2"niiix per cent of total traverse tune 

When c=8 inches, r=o*03i4 sec., and the total traverse time is 2 per 
cent, greater than the mmimum 

When c=6 inches, T =0*0326 sec, and the total traverse time is 3 per 
cent, greater than the minimum. 


APPENDIX II, 

ACCELEROMETER ; CORRECTION FOR THE MASS OF THE SPRING 

Consider the sprmg as consisting of a uniform elastic rod OA with the 
mass M attached at A and the end O fixed in the shuttle. 


a 



Let Z = the unstrained length of the rod, 

m = the mass per unit length of the rod m the unstrained state, 
X = the thrust in the rod—the compression per unit length, 
a = the acceleration of the rod in the direction 0 to A. 






T 44 


2 —The Checking of Shuttles in Power Looms 


When the shuttle has the acceleration a, 
let R = the force applied to the rod at 0 
S = the force apphed to the rod at A 

OP = ^ 

OQ = x+dx 

X = the thrust apphed to the element PQ at P 
X+dX— the thrust applied to the element PQ at Q. 

Then the unstrained length of the element PQ is 


is 


mXdx 


Therefore, for the motion of PQ, - dX 


m^dxa 


Whence, since X —R when a?= o, 
2 mXax^{X-\-R -2A)(X -i?) 


-—, and its mass 


(I) 


Whence, when X=S, 

, , . . . ^ . (S+R-2A)(S-R) 

:v=lengthof stramedrod= -- 

2mZa 

For the motion of the whole rod R --S=mla . 

For the motion of the mass M, S =Ma . 

Substituting for R and S from (3) and (4) in (2), 

togttofstamed rod = 

° 2>»Aa 


(2) 

( 3 ) 

( 4 ) 


= Li2A-a(2M+ml)] .(5) 

2A 

Therefore, the compression of the rod per unit length is 
2A-a(2ilf+^) 

2A 

"" 2A 

The static thrust corresponding to this compression per unit length is 
a{M+mZ/2), i.e,, the compression is equivalent to that produced in a massless 
rod by the acceleration a of a mass equal to M plus half the mass of the rod. 
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3—AN INSTRUMENT FOR THE DIRECT MEASUREMENT 
OF SHUTTLE SPEED 
By I H. Thomas and J. J Vincent 

{Copyright by the Textile Institute) 


ABSTRACT 

An instrument is descnbed which can be fitted into any shuttle to measure 
its speed. The principle of the instrument, of which the theory is given, is 
based on the fact tiiat a hehcal spnng, moving longitudinally, with a mass 
attached to the leading end, will extend if the other end is suddenly stopped 
The stopping is effected by impact of the shuttle with a fixed block of lead. 
The extension of the spring is directly proportional to the shuttle speed and 
IS not appreciably affected by the shape of the shuttle tip or the mass of the 
shuttle 


INTRODUCTION 

Methods of measuring the speed of the shuttle in a power-loom have been 
described by several workers, The apparatus used with each method 

was intended primanly for research purposes and was not adapted for 
obtaining rapid results in a weaving shed. For observations on a large 
number of looms, and for general industrial use, a quicker and simpler method 
IS required One such method—the only method published to date —^is the 
use of the semi-empincal formula given by Thomas and Vincent,'^ which 
involves merely a determination of the loom speed and the nofmnal move¬ 
ment of the picker, i e., the movement of the picker for a given rotation of the 
top shaft by hand The drawbacks to the use of this formula are that errors 
up to zb 10 pel cent may occasionally arise, and the formula may not 
apply to looms of unusual type or to looms with abnormal nominal move¬ 
ments of the picker Moreover, it is the initial speed only of the shuttle that 
can be estimated in this way What is needed, therefore, is a robust instru¬ 
ment, easily applied to any loom, which will give a direct readmg of the 
shuttle speed with reasonable accuracy. The mstrument now to be described 
has been designed to meet these requirements. 

THE INSTRUMENT AND ITS USE 

Description 

The construction of the mstrument is shown in Figures i(a) (front eleva¬ 
tion), i(b) (plan), andi(c) (end view). Two red fibre or Kght alloy blocks A and 
B are rigidly connected by a stainless steel rod R which is held by screws Si 
and Sa at each end. A helical steel extension spnng S, initially free from stress, 
and not close-coiled, hes along the rod between the blocks. The spring con¬ 
sists of 23 coils of No. 18 S W.G. wire of internal diameter ||-inch, of which 17 
coils, of total mass 3-99 grams, are operative. One end of the spnng is attached, 
by screwing and soldering, to a small cylmdncal collar C which is threaded 
internally and mates with a threaded portion of the rod R The other end of 
the spring is attached m a similar manner to another steel collar D which is 
free to shde along the rod. The mass of D together with the idle coils attached 
to it and the solder fixing them is 471 grams. Any extension of the spnng is 
indicated by the movement of a split cylindrical sleeve I, made of thin 
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spring steel, which is pushed along the rod R by the collar D. The indicator I 
grips the rod R and in virtue of the fnction set up remains at the point to 
which it IS pushed It thus indicates the maximum displacement of the 
collar D. The indicator requires to he re-set before each observation by 
plg^riTi g it in contact with the collar D. The movement of the indicator is 
measured on a scale engraved on a flat on the rod. The position of the collar 
C is made adjustable so as to be able to bring the initial reading back to zero 
if the unstrained length of the spnng changes, and a set-screw is provided to 
lock it m the desired position. Contraction of the spnng, which otherwise 
would occur when the shuttle is accelerated dunng picking, is prevented by a 
tube T which is fixed to the collar C and hes mside the spnng. 




Fig m 
Fig 1 

Shuttle Speedometer 

The instrument is fitted into the shuttle the speed of which is required, 
after removal of the shuttle tongue, by means of the pointed steel pms Pi, 
Pa, P3 and P4, which screw into the blocks A and B, and when partially 
screwed out penetrate the front and back walls of the shuttle As an alterna¬ 
tive to the block and pms near the end of the shuttle at which the heel of 
the shuttle-tongue would normally be, it is convenient to use a block shaped 
hke the heel of a shuttle-tongue and to anchor it with a hinge-pin. The whole 
instrument is made as hght as possible by using red fibre, or light alloy, for the 
blocks A and B and hollowing out the rod R where it is not threaded in order 
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to minimise the force on these pins when the shuttle is brought suddenly to 
rest. 

The instrument is placed in the shuttle with the collar D nearer the 
leadmg tip than the collar C. The speed is measured by bringing the shuttle 
suddenly to rest by impact with a fixed lead block. This extends the spnng 
momentarily and the mdicator records the maximum extension attained As 
will appear later this extension, e, is directly proportional to the speed of the 
shuttle, V , by suitable calibration the speed may be read off directly. 

Method of Use 

It is usually most convenient, particularly if a warp is present, to measure 
the speed of the shuttle as it enters the shuttle-box The speed at this point is 
not necessarily the same as the speed with which the shuttle leaves the 
opposite box, but in an empty loom, or one where the passage of the shuttle is 
unobstructed, up to about 60 inches m reed-space, there is little difference 
between the two speeds If desired, the method can be adapted to measure the 
speed of the shuttle at any point between the two shuttle-boxes, apart from 
such restrictions as the presence of a warp may impose, but for many compara¬ 
tive purposes this is not necessary. 

The shuttle containing the speedometer is brought to rest by impact with 
a cube of lead of side i mch clamped about half-way along the shuttle-box. 
The position of the lead block should be such that the shuttle has not made 
contact with the swell before impact takes place, if it is the unchecked shuttle 
speed that is required. 

It IS desirable that the material used for the impact block should be such 
as not to damage the shuttle tip, should bnng the shuttle to rest as rapidly as 
possible, cause the minimum rebound, have standard physical properties 
and be economical of matenal. Of the available materials cast lead appears to 
satisfy these requirements most completely. Sufficiently soft not to damage 
the shuttle tip, it brings the shuttle to rest from a speed of 40 f.p.s in about a 
quarter of an inch with a rebound of about 2 inches By using cast blocks and 
lowing each face to be struck once only, uniform physical properties are 
obtained, and there is very little waste of material because the used blocks are 
readily melted and cast again Some expenments were made with blocks of 
wood, steel, and brass, but in various ways they were less satisfactory than 
lead Wood suffers from a lack of uniformity and gives a large rebound, steel 
damages the shuttle tips, and brass, since it is not readily fusible, leads to a 
waste of matenal. With all three substances the extension of the spring was 
proportional to the shuttle speed, but the constant of proportionality varied 
with the substance. 

The lead block is clamped m position by means of a special clamp adapted 
to be used with most types of loom, shown diagrammatically in Fig 2 A 
steel bar A, 8 inches long and of i mch square section, is fitted at one end with 
a projection P which rests against one end of the slot in the base of the shuttle- 
box. The bar A is held firmly by a rod R, with a cap X at one end and a wing- 
nut at the other, which passes through a slot in the bar and through the slot 
in the bottom of the shuttle-box The block of lead B is placed on the box- 
plate with one face in contact with the end of the bar, and is clamped m this 
position with a clamp C fixed to the end of the bar. If the shuttle tip is higher 
than normal the lead block can be raised up by means of thin plates inserted 
under it so as to bring the centre of the block on a level with the point of the 
shuttle tip. 

The picking at the clamp side is rendered inoperative while an observation 
IS talcen and the loom is started from the position ijjjiere the pick at the side 
under observation has ]ust finished and the picker has returned to the outer 
end of the box. This allows the top-shaft to rotate through approximately 
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SHUTTLE SPEED-FEET PER SECOND 
„ , . 3 

Relation between Shuttle Speed and Extension of Speedometer Spring 
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620° before the pick under observation is delivered, and by this time the 
loom, m all ordinary circumstances, should have reached full speed, observa¬ 
tions at tnilk and the Shirley Institute have not shown the top-shaft of any 
loom to rotate more than 300° before full speed is reached, whether the looms 
are dnven mdividually or by countershaft. After each determmation the 
lead block is undamped and a different face offered to the shuttle until all six 
faces have been used. 

Calibration 

Two methods were employed to obtain known shuttle speeds for the 
purpose of calibration. One was to drop the shuttle from a known height and 
the other was to measure, by the methpd described by Thomas and Vincent,* 
the speed of the shuttle ]ust pnor to its striking the block. The first method 
was not convenient for speeds greater than 20 feet per second, corresponding 
to a fall of about 6 feet, but was used as a check on the second method in the 
range where the two methods overlapped. The effect of the weight of the 
collar and spring was negligible. Different shuttle speeds were obtained at the 
loom by starting the loom m different positions and by varying the length of 
the picking-band. A typical cahbration curve is shown m Fig. 3 where the 
theoretical line v =3810 (see Appendix) is also shown. It will be seen that with 
this particular shuttle the extension of the spring for a given shuttle speed is 
67 per cent, more than the theoretical value. 

Effedt of the shape of the shuttle Up, For the instrument to be of wide apph- 
cation the cahbration should be independent of the shape of the shuttle tip, at 
least within the range of vanation met with in practice That this is so, is 
shown by the three cahbration curves in Fig. 4, which were obtained with the 
same shuttle fitted in turn with the tips the profiles of which are shown 

Effect of the mass of the shuttle. The effect of the mass of the shuttle is 
shown in Table I. The change m the ratio vje over the range 10-3 oz. to 12-4 
oz. is 4 per cent, so that an instrument calibrated for a mass of 11*3 oz. would 
be sufficiently accurate for practical purposes over this range and would cover 

Table I 


Mass of shuttle+speedometer (oz) . . 7 26 10*30 12*40 

Ratio v/f (sec.-i). . 366 373 367 


a large proportion of the shuttles used m the cotton industry which, when 
without the tongue and fitted with the speedometer, lie between the limits 
stated. For weights outside this range another calibration must be used or a 
correction must be applied to the existing calibration. The correction factor 
is readily obtained by dropping the shuttle from a known height and com- 
panng the recorded speed with the speed calculated from the well-known 
formula =2gA. 

Effect of retardahon, Smce one important use for the instrument is to 
measure the speed of impact of the shuttle with the picker, the latter being 
replaced by the lead block for the purpose of measurement, it is necessary that 
the instrument be not appreciably affected by the retardation imposed by the 
swell. To test this point two curves were obtained, shown in Fig. 5. Curve I 
gives the relation between the diameter of the hole in the lead block, which 
may be taken as a measure of the shuttle speed at the instant of impact, and 
the deflection of the speedometer when the shuttle is not retarded prior to 
striking the block, and curve II gives the corresponding relation when the 
shuttle suffered retardation by the swell before striking the lead block. In 
curve II the different readings were obtained from the same unchecked shuttle 
speed which was retarded by various amounts by varying the swell pressure 
It will be seen that the two curves do not diverge until the checking is such as 
to reduce the deflection of the speedometer from 42 to 10 units or less, corres- 
pondmg to a reduction m speed of 75 per cent or more. Such a swell-pressure 
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Extension of Speedometer Spring when the Shuttle is fitted with vanous Tips. 



Indentation m the Lead Block 
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is not often applied m practice, so that on most occasions the instrument can 
be used with confidence The diameter of the hole in the lead block used 
in this particular instance to measure the speed of impact, but it fails as a 
general method because of the difficulty of definmg accurately the diameter 
of the hole, which is not perfectly circular, and ailso because the relation 
between the diameter of the hole and the speed is affected by the mass of the 
shuttle and the shape of its tip Similar remarks apply to the use of the 
depth of the hole as a measure of the speed of impact. 

Accuracy 

The deflection of the sprmg is 0*9 mm. for a speed of i foot per second, 
which allows the mstrument to be read to tins degree of precision with ease 
The rod is marked off in intervals corresponding to i foot per second. No 
error is caused by the friction between the collar and the indicator and the rod 
unless this faction changes. For this reason the part of the rod on which the 
coUar shdes and the inside of the collar should be kept perfectly clean and 
pohshed, and should be lubricated with a small quantity of clean spmdle oil 
before t^mg observations. 

Another source of error arises from variation m the lead blocks. The 
effect of these two sources will vary in a random manner. Their combined 
effect was tested by dropping the shuttle from a fixed height, corresponding 
to a speed of 19 f.p s., forty-three times, using a fresh lead surface each time. 
The standard deviation of the readings was 1*5 per cent of the mean. On the 
assumption that the coefficient of variation is tlie same as this over the useful 
range 30-50 f p.s., the random error of a single reading is unlikely to exceed 
±37 per cent By taking the mean of six readings—a convenient number— 
when measunng any particular value of the shuttle speed the random error 
is reduced to a value that is unlikely to exceed ± 1-5 per cent,* and an analysis 
of the results from which the standard error was determined showed that the 
value of this error is the same whether aU six readings are taken on one block 
or a number of blocks Besides this random error, there may be a bias due to 
faulty calibration of the instrument. This bias arises partly from the above 
random error and partly from inaccuracy m the measurement of the speed 
used for calibration, leading to error in determining the correct slope of the 
line. Provided that about 25 determinations are made for calibrating the 
instrument it is unlikely that this error will amount to more than 2 per cent. 
For comparative purposes it is unimportant. 

APPENDIX; THEORY OF THE INSTRUMENT 

Referrmg to Fig. 6, let 

X be the end of the spring attached to the collar D, 

Y be the end of the spang attached to the shuttle through the collar C, 

P be the position of X at the instant when the shuttle first meets the lead 
block, 

0 be the position of Y at the instant when the shuttle first meets the lead 
block, 

[x be the mass of the operative part of the spring 
m be the mass of the collar D with its attached coils, 

A=:ratio of tension to extension when the spring is extended, 
e=the maximum extension of the spring, 

v= speed of the shuttle which is reqmred to be measured, 

PX=a; at time t after shuttle first meets the lead block, 

OY =7 at time t after the shuttle first meets the lead block, 

= some unknown function of F(^). 


*The largest likely error is assumed to be 2 5 tunes the standard error 


T52 


3 —An Instniment for the Direct Measurement 



Fig. 6 

Diagram illustrating the Displacement of each end^of the Speedometer Spring and the 

Masses attached thereto 

Let the shuttle come to rest at time ti, and let y^, v^, and Ci be the 
dx 

correspondmg values of y, — , and the extension of the spimg respectively. 

dt 

Thus yx is the depth of the hole in the lead block 
Then initially, 

tz=,x^y^o . (i) 




At time F(ti)==yi 
F%)=o 


.(3) 

.(4) 


and at time t the tension in the spring is X{x - y), and the equation of motion 
dH 

“ .(5) 

The mass of the spring is allowed for, as was done by Rayleigh® m the 
analogous problem of the longitudmal oscillation of a mass attached to an 
elastic rod, by adding one-third the mass of the spring to the value of the 
attached mass. 

Equation (5) may be written 
d?x 


—-I-. 


The solution of equation (6) satisfying the conditions (i) and (2) is 
V sin Tit ft ft 

^ ~~ n F(t) cosntdt ^ncosntj F(t) smntdt . • • (7) 

Hence, 

V sm nti fti 


V sin ntx 


+ n sin ntx^ F[t)oosntdt cosni^ Fft) sin ntdt -y^ 
n sin 

L » Jo » J 


-n cos fitx\ 


-yi cos wft f'l F'{t) cos 


dt -yi 


after integratmg by parts and usmg equations (i) and (3). i e 

V smnti , _ f/i _ 

^ sin - cosMfiJ F'(t) cosntdt... 

and by differentiatmg equation (7) 
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vzQsnti C^i Ch 

_ --^ cos nil Fit) cos nt dt+n sin nit Fit) in nt at 

n n Jo Jo 


V cos nfi , Tvi sin 

+ n cos ntj 


rjyi sin r^i F'{t)^mntdt'\ 

L n Jo n J 


+ n sin nti 



‘h F'ifr) COS nt (it‘\ 

« +j 

J 


V cos fiti 


- cos nil 


£f'(o 


Sin 7 tt dt + sin nt^ 




cos nt dt 


. . .( 9 ) 


At tune ij, one end of the spnng is at lest and the other has a speed Of 
The kinetic energy of the spring is therefore 

where I is the strength of the spnng at this instant and z is the distance of 
any point on it from Y, and this integral equals Hence the total 

kinetic energy of the spring and the attached mass at the instant when the 
shuttle comes to rest is 

0 

From this time on, the spnng continues to extend until X comes to rest, 
Assunung that at this instant the whole of the spnng is also at rest, then 
the kinetic energy of the system at tune 4 will have been transformed 
into potential energy of the spring, since no external work has been done 
on the system since Y came to rest, neglecting friction. 


Hence 

he. <5® 5=^2 ^ „ 

With a spnng of adequate extensibihty e will be large compared with ei, 
and the coUar D will not be slowed down appreciably m the period during 
which the shuttle is brought to rest, so that Vi differs only shghtly from v. 


Under these conditions the equation 


V 

n 


IS approximately true. A more exact treatment leads to the equation 

~ - j ^F' (t) sm ntdt^ [ j ^ ntdt^ .(lo) 

from (8) and (9), 


Without further knowledge as to the form of F{t) the exact value of e 
cannot be calculated, but estimates can be obtained in various ways. Two 
such estimates are given below Although they differ slightly in form, 
and numerically by about one per cent., they agree in showmg that e is directly 
proportional to to a very close degree of approximation. This result is 
of importance in that a linear relation may be used with reasonable confidence 
when calibrating the instrument from the experimental results. 
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First estimate. 




Sin nt dt = sin nti 


:.jV(0 


dt where o<U<t^ 


sin nU 


[k 

Similarly J F\t) cos nt dt = cos nt^ where o<^3<i^i whence from (lo), 

= — I — - -h -^(sin^ nt^ + cos^ nt^ 1 .(ii) 

V J 

The values of t^ and t^ are not known but estimates of the right order of magni- 

k 2yi 

tude may be made by assuming that each is roughly—, and that 4 = —, 

2 V 


the value obtained assuming constant retardation. If now n, which within 
limits can be chosen arbitrarily, is such that nk<o*$, then to a close degree 
of approximation 




V { n^i^\ 

and e ='^1 ^ —2tJ^y approximately 


(I2> 


Now it is found experimentally, as shown in Fig. 7, that the depth of the 
hole in the lead block, equals kv approximately, where ft is a constant for any 
particular shuttle; and deviations from this relationship are unimportant 
since is small compared with v^/n^. 




Fig 7 

Relation between Shuttle Speed and Depth of Indentation in Lead Block 
The speed was measured by the optical method. 
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Second estimate. 

Alternatively, the integrals in equation (lo) may be evaluated by malong 
a reasonable estimate of the form F'{t) Since which is proportional 
to the resistance offered to the shuttle, vanishes at i =o and an approxi¬ 
mate value for F*{f) is 

|(l + cos ^), 

V / t-, ‘nt\ 

whence ^ — sin-- ) 

3 \ 77 iy J 

and 4 = — . (14) 

V 

Substituting the above value of F'{t) m equation (lo) we get 

Tr*v^ cos® ~ 

- — 

- WV)* 


and 


1T^ cos- 






approximately 


Substituting for iy from equation (14) we get 


e 




n L 


277 ® - 




V f ^ ^ 

=~ji —— I approxunately.(15) 


The value of n obtained from the mass M and the load extension relation 
of the spring obtained experimentally, is 380 sec.“^, and the value of k obtained 
from Fig. 7 IS 0.000475 sec., leading to theoretical values of vje of 386 sec 
by equation (13), and 381 sec ^ by equation (15). As already shown the 
experimental vdue of this ratio vanes somewhat with the mass of the shuttle, 
a factor of which the theory takes no account, so that the difference between 
the theoretical and observed values of this ratio will vary with the mass of 
the shuttle. For a shuttle of mass 10 3 oz. vje was 2 per cent, less than the 
value given by equation {15), while for shuttles of 7.25 oz. and 12.4 oz. the 
experimental value was 6^ per cent less than the theoretical. 

Condition that the indicator should record correctly. The indicator will 
not move further than the sliding collar, provided the friction between the 
indicator and the rod is capable of causing a greater retardation than the 
maximum retardation experienced by the sliding coUar The latter 

le 

retardation occurs when the extension is at a maximum, and is — = nH. If 

M 
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F is the friction force between the indicator and the rod, and m' is the mass 

F 

of the indicator, then the retardation due to F is—The condition for cor- 

m 

rect indication is therefore F> m'n^e, where e is the extension corresponding 
to the highest speed the instrument is intended to measure. Provided this 
condition is satisfied F should be as small as possible since it may vary and 
cause shght errors in the reading hence m' should also be as small as 
possible. 

Acknowledgments. Thanks are due to Mr, E. W Cummings for preparing 
the drawings of the instrument and to Mr H, B, Williams and his staff for 
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4—THE ABSORPTION OF THE TWO VAT DYES CALEDON 
RED BN AND CALEDON JADE GREEN BY COTTON 

By A. Geake 

Prepared for publication by D. A Chbbens* 

{Copyright by the Textile Institute) 

This paper descnbes an investigation of the absorption by scoured cotton 
yam of two anthraqumonoid vat dyes from solutions ('*vats'') of their 
leuco-compounds prepared, as m normal vat dyeing, by reducing the dyes 
with sodium hydrosulphite m the presence of sodium hydroxide The dyes 
were Caledon Jade Green (i6:i7-dimethoxy-dibenzanthrone, C I. No iioi) 
and Caledon fod BN (i: 2-an1hraqumone-naphthacridone, C.I No Ii62j. 
The ratio of the weight of cotton dyed to the volume of the dye solution 
was so small that the absorption of dye by the cotton was accompanied 
only by an mappreciable fall m the concentration of the dye in solution. 
The concentration of dye in the dyed cotton was determined by extracting 
the dye with pyridine, and measuring its concentration m the pyridine 
extract by spectrophotometnc comparison with a standard solution of the 
dye in the same solvent. The solubility m pyridine of the two dyes used 
m the work is sufficient to permit this method of analysis, and then 
solubility m suitable organic solvents is also sufficient to allow them to be 
purified by crystalhzation. These were the considerations largely respon¬ 
sible for the choice, from among the vat dyes in common technical use, of 
these particular representatives 

The principal object of the work was to investigate the relation between 
the composition of the dye solution and the concentration of the dye m the 
cotton at equilibrium It became evident at an early stage that, although 
the initial absorption of the dye by the cotton is a very rapid process, the 
attainment of equilibnum is extremely slow, and the rate is dependent 
upon the composition of the dyebath, as well as upon the temperature and 
the conditions of agitation In many cases a strict equilibnum state was 
not reached within several days, and a critical examination of the results 
rendered it doubtful whether such a state would be reached by any prolonga¬ 
tion of the dyemg within practicable limits The slow attainment of 
equilibnum is one of the chief difficulties of the work, and, for the cntical 
appraisal of the equilibrium data obtamed, it was necessary to make some 
investigation of the rate of absorption of the dyes by the cotton 

The electrolyte content of a vat dyebath is necessarily more complex 
than that of a direct dyebath smee the vat always contains sodium hydroxide 
and sodium hydrosulphite with the products of its oxidation. In order that 
the composition of the dye solution shall be constant and defined, the 
solution must be prepared, and the dyeing process conducted, in the sub¬ 
stantial absence of air For reasonable reproducibility in measurements of 
the rate of dye absorption, the conditions of agitation must be as standard 
as possible The techniques employed were improved during the course of 
the work, and the final methods are described in the experimental part, 
together with other expenmental detail necessary for cntical appreciation 
of the work The results obtained are given in the following sections with 
no more experimental detail than seem s necessary for their discussion 

TUs work was done by the late Dr A Geake dunng the yeaffsT 936 - 40 , and the” 
paper has been compiled from his original notes and reports A study of the effect of 
the concentration of sodium hydroxide on the absorption of the vat dyes was included 
in the programme of work, but was» not can led out —D A C 
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The lesults obtained with Caledon Jade Green will first be descnbed, 
followed by &ose obtained wiiii Caledon Red BN. For the early experi¬ 
ments with Caledon Jade Green die sample used, which was described as 
*'B,3000 powder", was kindly provided by Imperial Chemical Industries 
(Dyestuffs) Ltd. This was a technical preparation free from deliberately 
added diluents, but not otherwise purified. A large sample of nearly pure 
16 * 17-dimetboxydibenzanthrone became available later, again through the 
courtesy ot imperial Chemical Industries Ltd , and was used in more critical 
experiments. The results obtained with the two samples will be described 
separately. A companson of the spectrophotometric curves obtained for 
solutions in pyridine of the techmcal " B,30oo powder " and of the purified 
dye showed that the technical sample contained only about 65 per cent, of 
pure dye. The values of dye concentration calculated from the known 
weight of technical dye in a given volume were therefore all multiplied by 
0*65 m order to render the results more comparable with those obtained in 
experiments using the purified dye For all work with Caledon Red BN the 
commercial undiluted dye (I.C I.) was first punfied by crystallization. 

(a) TECHNICAL CALEDON JADE GREEN B 3 OOO POWDER 

In the experiments made with this technical sample of dye, which were 
the first to be done, dyeing was earned out at 45® C. in an unstirred bath 
for 2 to 3 days, and the experimental technique was a simple one. The 
sample of cotton was introduced into the dye solution of the required com¬ 
position contained in a stoppered flask ’which it so nearly filled that the 
available oxygen in the system was negligibly small in relation to the 
reducing equivalent of the hydrosulphite The stoppered flask was allowed 
to stand in a thermostat, the only agitation being an occasional shake by 
hand. In spite of the long dyeing period the measured absorptions of dye 
by the cotton may be appreciably below the equilibrium values though 
there is no precise evidence on this point. 

Table I gives the isothermal variation of the dye content A of the cotton, 
expressed in g./ioog., with the concentration C of dye in the equilibrium 
solution expressed in g./100 ml. The solutions were, except in respect to 
dye content, of identical composition, being o-iM in sodium hydroxide and 
0'Oo6m (o*oI 2 n) in sodium hydrosulphite. The temperature of dyeing 
(45'*C.), and the concentration of sodium hydroxide, are approximately 
those recommended for the commercial dyeing of cotton hanks with Caledon 
Jade Green, The concentration of hydrosulphite represents a large excess 
over that required to reduce the maximum amount of dye (pure Caledon 
Jade Green at 0 01 g./100ml. is approximately 0-0004N as an oxidant). 


Table I 

Caledon Jade Green B,3000 powder. Isotherm. 

Temperature 46^0., Time 65 hours , NaOH 0 1 m , NaaSgO^ O’OOOm , [Na+] 0 112 m. 


Concentration of dye 
in solution; C,g /100ml. 

Concentration of dye in 
cotton, A.g jlOOg 

Substantivity 
ratio, AjC 

' Salt/dye 

1 ratio, [Na+]/C 

0 000326 

0 297 

914 

345 

0*000650 

0 455 

700 

172 

0*00163 

0 748 

460 

68 7 

0*00326 

101 

312 

34*6 

0 00050 

136 i 

209 

17*2 


The data m Table I are plotted in Fig. i. As with direct dyes, the con¬ 
centration of the vat dye in the cotton is seen to rise much less rapidly flian 
its concentration in tiie solution, or the substantivity ratio falls as the 
solution becomes more concentrated in dye. The substantivity ratio, which 
IS a measure of the distribution of the dye between the two phases, is defined 
as the ratio A/C between the concentration of dye in the cotton and that 
in the solution at equilibnum Its value is included in Table I, where it is 
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seen to fall from about 900 to aoo as the dye concentration m the solution 
increases from its lowest to its highest value. Fig. ^ shows the logarithmic 
plot of A against C, a plot that yields a straight Ime in those cases where 
the Freundhch isothermal relation obtains. It is seen that the plot is only 
approximately linear, the nse in A with increasing C being slower than is 
required by tite Freundlich equation. 

Table II gives the variation of the dye content A of the cotton at 45® C. 
when the concentration of dye in the equilibnum solution was maintained 
constant (0*0065 g./100 ml.) and the concentration of electrol5d:e was 
mcreased by the addition of sodium sulphate. In these experiments dyeing 
was contmued for 48 hours, again without mechanical agitation, the con¬ 
centration of sodium hydroxide was constant at o*05M, and that of the 
sodium hydrosulphite at o*oo6m, whilst the concentration of added sodium 
sulphate was steadily mcreased from zero to o* 5M. This is seen to be accom¬ 
panied by an mcrease in the substantivity ratio from about 200 to 500. The 
results are shown m Fig. 3 as a plot of the dye concentration A in the cotton 
against the total electrolyte content of the solution, which is expressed as 
the total molar concentration of sodium ions [Na+] and includes a constant 
and relatively small contribution from the sodium hydroxide and hydro- 
sulphite used m the preparation of the vat. The same data are plotted 
logantihimically m Fig. 4, the relation then being nearly a linear one. The 
expression of the results in relation to the total electrolyte content of the 
solution is a questionable expedient since the effect of the strong base 
(sodium hydroxide) on the absorption of dye by the cotton is probably 
Afferent from that of the neutral salt (sodium sulphate). The forms of the 
curves in Figs. 3 and 4 would, however, be only slightly affected if the con¬ 
centrations of sodium sulphate were plotted as abscissae, instead of the total 
sodium ion concentrations. 


Table II 

Caledon Jade Green B,3000 powder. Isotherm. 
Temperature 45®C., Time 48 hours; Concentration of dye m solution, 
C, 0-0066g,/100ml , NeOHO-OSm; NaaSgO* 0*006 m. 


Concentration of 

NaaS 04 , M 

Total concentra¬ 
tion of sodium 
ion , [Na+], M 

Concentration of 
dye in cotton, 
/lOOg. 

Substantivity 
ratio, AjC 

Salt-dye 
ratio , 
[Na+]/C 

0 

0*062 

Ml 

171 

9*64 

005 

0-162 

167 

242 

24 9 

0*10 

0*262 

1 84 

283 

40*3 

0*16 

0*362 

2*10 

323 

66-7 

0 20 

0 462 

2 24 

346 

71*1 

0 26 

0 562 

2 66 

394 

86*6 

0 30 

0 662 

2*66 

409 

102 

0 40 

0 862 

3*00 

462 

133 

0 60 

1 062 

3*36 

615 

163 


The mcrease m the absoiption of dye by the cotton resulting from an 
increase m the electrolyte content of the solution is presumably due to the 
same cause as that operating to produce a similar effect with direct dyes. 
According to a theory of direct dyeing developed recently by Willis, War- 
wicker, Standing and Urquhart^ the relation between the substantivity ratio 
AjC and the concentration of electrolyte relative to that of dye in the 
solution (the '^Salt/dye ratio,equal to [Na'^]/C, when sodium ions are 
the only cations) should be a unique one, mdependent of the electrolyte 
concentration. The results m Tables I and II are shown together in Fig. 5 
as a loganthmic plot oi AjC against [Na+] /C, but it is seen that they yield 
two distmct curves i and 2, and that the method fails to co-ordinate the two 
sets of data. This may be because the concentration of sodium hydroxide 
was different in the two sets of measurements (0*1, 0 05M), and in this 
respect data to be given later provide a better test. 




4 —The Abeoyption of the Two Vat Dyes Caled 


t6o 


Caledon Jade Green B, 3000 powder. Isotherms at 45‘'C 




"Pig I —^Variable Dye Concentration Fig 2 —Vaiiable Dye Coiicentiation 

in Solution (Table I) in Solution (Table I ) 




3—^Variable Electrolyte Con- Fig 4 —^Variable Electrolyte Con- 
ceniration in Solution (Table II), ceutration in Solution (Table II). 



10 15 20 25 


Pig 5 —^Variable Dye (o) and Fig 6 .—^\^ariable Pyiidine Coucen- 
Eiectrolyte (•) Concentrations in tration iu Solution (Table III) 

Solution (Tables I and II) 
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Table III gives the variation of the dye content A of the cotton when 
the concentrations of dye in the equilibnum solution (o 0065 g./100 ml.), 
and of the electrolytes (sodium hydroxideio^iM, sodium hydrosulphite 
o-oo6m), were maintained constant while pyndine was added m increasing 
amounts. The effect of pyridine in reducing the absorption of a vat dye by 
cotton from a solution of its leuco-compound is well Imown, and Table III 
shows that the effect is large even when the concentration of pyridine is fairly 
low; thus the presence of pyridine in the vat at a concentration of 5 per cent 
by volume reduced the substantivity ratio from about 190 to 20. These 
results are plotted m Fig 6 for the range of pyridine concentrations up to 
5 per cent. 


Table III 

Caledon Jade Green B30OO powder. Isotherm. 

Temperature 45®C., Time 65 hours; Concentration of dye in solution, C, 0 0065g / 
100ml , NaOH 0 1m , Na 2 Sa 04 0 006m 


Concentration of p 37 ndme, 
iiil./ 100 ml 

Concentration of dye m 
cotton, ^,g./ 100 g 

Substantivity 
ratio, A 1C 

0 

1 24 

191 

1 

0 85 

131 

2 

0*68 

89 

3 

0 33 

51 

4 

0*199 

30*6 

5 

0131 

20*2 

7 

0*049 

7*6 

10 1 

0 013 

2*0 

15 

0*003 

0*6 

20 1 

0 002 

0 3 


The effect of pyndine is probably due to some kind of association or 
complex formation between it and the leuco-dye as a result of which the 

activity of the leuco-dye in the solution 
IS diminished It has been found that 
the potential of the redox system formed 
by a solution of the leuco-dye in equili¬ 
brium with the solid oxidized form of the 
dye is raised by the addition of small 
amounts of pyridine to the system. This 
also shows that the activity of the leuco- 
dye (the reductant) is diminished by the 
presence of the pyndine since the activity 
of the oxidant should be the same in all 
solutions that are in equilibnum with the 
solid oxidized form. Table IV records 
the potentials of solutions of the leuco- 
dye of concentration 0*025 g-/ioo ml. 
contaimng vanous concentrations of 
py^dme and m equilibnum with the 
solid oxidized dye. The values given are 
the imd-point potentials m redox titrations of vats all made up originally to 
contain double this concentration of dye For these measurements, which 
were made in a different connection, the punfied dye was used, the tempera¬ 
ture was 50® C , and the concentration of sodium hydroxide 0 ‘Im; the only 
other electrolytes in solution were the products of oxidation of the hydro- 
sulphite, which was onginally present in slight excess over the vat dye The 
rise in potential AFm caused by the addition of pyridine to the aqueous vat 
is plotted in Fig. 7 as a function of the pyndine concentration 



0 

02 4 6 8 10 

Hg 7 .—^Redox Potentials at 50 *C 
of Purified Caledon Jade Green in 
Solutions of varying I^nidine Concen¬ 
tration (Table IV) 
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Table IV 

Purified Caledon Jade Green. Redox Potentials. 

Temperature 60®C ; Concentration of dye in solution 0*026g./100ml,; NaOH O'Im 


Concentration of pyndine, 
[Py], ml/100 ml 

Potential, 
jBm, mv. 

! 

AEMmv. 

0 

-676 

0 

2 

-649 

26 

6 

-630 

46 

10 i 

-434 

91 


If the activity coeflScient of the leuco-dye in the dilute aqueous vat free 
from pyndine is assumed to be unity, and that of the leuco-dye at the same 
concentration in a vat containing pyridine is denoted by 7, then 

A£m-(R27wF){/«(V7) 

When the temperature of 50"^ C., the value of n being a and potential 
differences being measured in millivolts, it follows that log 7 is equal to 
-0*03i3Ai?M- It is assumed m this calculation that the concentration of 
semiquinone is negligibly small, an assumption that is probably valid in 
solutions containing only low concentrations of p37ridme. 

The activity coefficients of the vats contaimng pyridine can also be cal¬ 
culated from measurements of the equihbnum absorptions of the dye by 
cotton, the method being as follows. Let the absorption of dye from a 
solution containing pyridine in which the djre is at a concentration C be 
denoted by A. The solution free from pyndine which is in equilibrium at 
the same temperature with cotton of dye content A contains a lower con¬ 
centration of dye than C; its actual concentration, which will be denoted 
by c, can be read from the appropriate isotherm. The activity coefficient 
of the leuco-dye in the solution contaimng pyridine is then assumed to be 
c/C. Activity coefficients for vats containing pyridme have been calculated 
both from the potential measurements by interpolation on the smoothed 
curve of Fig. 7, and from the absorption measurements by interpolation on 
ffie isotherms of Figs, i and 6. They are recorded in Table V, and the 


Table V 

Caledon Jade Green. Activity Coefficients in Vats containing Pyridine. 
Temperature 46°-60°C , NaOH 0*1 m 


Potential Measurements Absorption Measurements 


Concentration of 

Potential 

Activity 

Concentration of dye 

Activity 

pyndine, [Py], 

rise; 

coefficient, 

giving equal absorption 

coefficient, 

inl,/100nil. 

AEM.mv ' 

1 

y 

m pjmdine-free solu¬ 
tion ; /lOO ml. 

V 


0 

1 

2 

3 

4 

5 




0-0002 
0 0001 



Table VI 

Caledon Jade Green. Comparison of Equilibrium Absorptions for different 

Cottons. 


Temperature 45®C ; Time 70 hours ; Concentration of dye m solution 0'0066g./100 ml, 
NaOHOlM, NagSaO^ 0-006M. 


Cotton vanety — 

S. American 
Tanguis 

Peruvian 

Mitafifi 

Fibre weight, 



10’® g./cm. .. 

212 

202 

Absorption A % i 

1'34 

1*29 


Egyptian 

Uppers Brazilian 


Egjrptian 

Anzona 

Sakel 

Pima 

■ 

49 

107 

K 

32 

1-38 
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agreement between the values of the activity coefficient obtained by the two 
independent methods satisfactory in view of the fairly large observational 
errors associated with both methods. 

Table VI gives the absorptions observed under constant conditions of 
dyeing (70 hours) for six scoured cottons differing in their country of 
origin, and consequently in the fineness of the fibre as measured by the fibre 
weight per unit length. The Table shows that the amounts of dye absorbed 
by the different cottons are nearly equal, and this fact is some evidence that 
the absorptions obtained are not far from true equilibrium values since the 
large differences in fineness of fibre would be expected to influence the rate 
of dyeing. The equality in the percentage of dye absorbed does not of 
course mean that all the dyed cottons appeared the same shade; when the 
dyed samples were arranged in order of increasing depth of shade the 
sequence was that of increasing coarseness of the staple. 

(b) PXJRIFIED CALEDON JADE GREEN 
(16:17 DIMETHOXYDIBBN2ANTHRONE) 

In all the expenments with the purified dye the cotton was agitated m 
the dye solution. By attachment to a magnetically operated moving sup¬ 
port the sample of yam was thrown up and down in the solution with a 
reciprocating motion of 150 cycles per minute An apparatus was used in 
which the dye was vatted, the solution made up of the required composition, 
and the dye vessel filled, all in an atmosphere of nitrogen In all the 
expenments the concentration of sodium hydroxide was 0‘IM, that of 
soffium hydrosulphite o-oim, and hence the total sodium ion concentration 
0*I2M in the absence of other electrolytes 

As a guide to the time required for the attainment of equilibrium the 
rate of absorption of dye by the cotton was examined under the standardized 
conditions of agitation. The conditions for, and some of the results 
obtained in, four experiments on the rate of dyeing are summanzed in 
Table VII. The first three experiments in the Table were all made at 50° C., 
and tihe compositions of the equilibrium solutions were altered in such a way 
that the substantivity ratio vaned from about 200 to 2,000. The time 
required for the absorption to reach half its equilibrium value (Time of 
H^-dyeing, t^jz) is given in the last column. For the three experiments at 
50® C., the time of half-dyang, which is some inverse measure of the rate 
of dyeing, increases with substantivity ratio, but is relatively short, varying 
from 4 to 21 minutes. The last experiment in the Table was made at the 
lower temperature of 25® C. and at a medium value of the substantivity 
ratio; the much slower rate of dyeing is shown by the higher time of half¬ 
dyeing. 


Table VII 

Purified Caledon Jade Green. Rate of Dyeing. 
NaOH, 0*1 m; Na2S204 , O'OIm. 


Eiqpt. 

No 

Temp. 

X. 

Compositi 

on of dye 

solution 

Equilibrium 

absorption, 

Substan¬ 
tivity 
ratio, A 1C 

Time of 
balf- 
dyeing, 
minutes 

Dye, C, g./ 
100 ml. 

N* a^SO^, M 

[Na+]M 

8 

60 

0-01 


0*12 

1*71 

171 

4 

18 

50 

0*001 1 




535 

9 

15 

50 


0-5 

M2 


2,016 

21 

IB 

25 

0*0025 



1-981 

794 

70 
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Purified Caledon Jade Green. Rate of Dyeing 




The detailed data obtained from the four rate of dyeing experiments are 
given in Table VIII; the absorptions recorded after 41 hours dyeing have 
been used as equilibrium values in calculating the time of half-dyeing for 
Table VII. The absorption At at the time t is plotted against the time in 
Fig 8 for periods up to one hour, and in Fig. 9 for penods between i and 
41 hours. The striking features of these results are the relatively rapid 
absorption in the early stages of the process and the relatively slow absorp¬ 
tion in the later. During the last 24 hours (between the observations at 
17 and 41 hours), the absorption increased by about 2*5 per cent, in the 
first two experiments, 3-5 per cent, in the third, and 5-5 per cent, in the 
last. ^ For a process of ideal diffusion (Pick's Law) mto an infinite cylinder 
the time required to reach 99 per cent, of the equilibrium absorption value 
is about 13 times the time of half-dyeing, namely, penods ranging from 
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about I to 15 hours for the half-dyeing times recorded in Table VII, It is 
clear from Table VIII that the absorption was still increasing at a slow, but 
expenmentally significant, rate in all four experiments after 41 hours. It 
IS also clear mat, from the point of view of Ihe attainment of equilibrium, 
there would be little object m prolonging the dyeing by a day or two; any 
material improvement in the approach of the end values to the true equili¬ 
brium absorptions would necessitate experiments so prolonged as to be 
prohibitive in any wide programme of work. In the determination of 
equihbrium isotilierms now to be described the dyeing was continued for 
41 hours under the standard conditions of agitation, and it was considered 
that the end values could be regarded as sufficiently close approximations 
to the equilibrium absorptions. 


Table VIII 

Purified Caledon Jade Green. Rate of Dyeing. 


Time, t 

Absorption, A#, g./lOOg. 

Hours-Mans 



Experiment 

Expenment 



No 8 

No 18 

No 16 

No. 13 

0 

1 

0 463 

0 116 

0-291 

0 227 

0 

2 

0 637 

0 147 


0 277 

0 

5 

0 878 



0 391 

0 

10 

M7 

0-273 


0-477 

0 

30 

141 

0-386 


0-806 

1 

0 

164 

0 448 


0-943 

2 

0 

— 

0-487 

1-663 


4 

0 

1-58 


1-789 

1-483 

7 

0 

159 

0-498 

1-874 


17 

0 

1 67 



1-866 

41 

0 

i 1 71 



1-961 


Fig 10 shows the isotherms obtained at 25'’ and 50® C by plotting the 
concentration of dye in the solution against the absorption of dye by the 
cotton at equilibrium, the electrol3d:e concentration being constant (o-im 
sodium hydroxide, 0 oim sodium hydrosulphite). The corresponding 
logarithmic plots of log A against log C are given in Fig. ii, and the experi¬ 
mental data in Tables IX (50® C ) and X (25® C.) The isotherm at 50® C. 
was determined in duplicate, the time allowed for the attainment of equili¬ 
brium being 41 and 65 hours in the two experiments; as was to be expected 
from the investigation of the rate of dyeing, the results obtained for the two 
different times of dyeing were not appreciably different 

Table IX 

Purified Caledon Jade Green. Isotherm. 

Temperature 50°C , Tame 41 or 66 hours , NaOH 0*1m , NagSgO* O-OIm , [Na+] 0*12m, 


Concentration of dye in solution 
C, g /lOO ml 

Concentration 
of dye in cotton, 
g/lOOg 

Substantivity 

ratio, 

A 1C 

Salt/dye 

ratio, 

[Na+]/C 

41 hours 

66 hours 

0 000488 


0-360 

718 

246-0 


0 000492 

0 366 

"*741 


0 000990 


0-637 

542 



0 000992 

0-673 

677 


0-00246 


0*865 

362 

48-8 


0 00247 

0-831 

337 

48-8 

0 00496 


120 

242 

24 2 


0-00496 

121 

244 

24-2 

0-00996 ! 


1-67 

168 



0-00996 

1-66 

167 

12-0 
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Purified Caledon Jade Green. Isotherms 






Fig. 13 . Variable Dye (i) and Electrolyte 
( 2 ) Concentrations in Solution atso® C. 
(Tables X and XI). 


Xable X 

Purified Caledon Jade Green. Isotherm. 

Temperature 26® C.; Time 41 hours , NaOH 0*1m , NaaSgO^ O*0iM , [Na+] 0*12m. 


Concentration 
of dye 
m solution, 

C, g./lOO ml. 

Concentration 
of dye 
in cotton; 

A, g./lOO g. 

Substantivity 

ratio, 

AlC 

Salt/dye 

ratio, 

[Na+]/C 

0>000462 

l-OI 

2.183 


0-000967 

1-40 

1.449 


0-00244 

2 01 

824 

49-2 

0-00492 

2-66 

619 

24-4 

0-00988 

•3-26 

329 

12-16 


The figures show that, as with direct dyes, the absorption of the vat dye 
from a sohition of constant dye content rises as the temperature falls, being 
roughly twice as great at 25® C. as at 50® C. The loganthmic plots are 
nearly, but not quite, Imear, diverging from the straight in the' same direc¬ 
tion as that observed with the unpurified dye (Fig 2) and the lines corre- 
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spending to the two difEerent temperatures are not parallel. The isotherm 
obtained at 50° C for purified dye is almost identical with that obtained 
at 43® C. for the technical dye (Fig. i), the compositions of the solutions in 
respect to electrol3^es being practically the same in the two cases. The 45® 
isotherm woidd e^dently be expected to lie appreciably above the 50® iso¬ 
therm, and its failure to do so may be due to one or two causes. The 
technical dye sample contained only 65 per cent, of the pure dye, and 
although the measured concentrations were corrected accordingly, lie 35 
per cent, of unknown xmpunties may have exerted some effect upon the 
equilibrium. The experiments with the technical dye at 45® C. were also 
made without mechanical agitation, and the measured absorptions may 
therefore be further removed on the low side from true equilibrium values 
than those obtained at 50® C. with the purified dye in a mechanically 
agitated system. 

Table XI contains the experimental data necessary for the construction 
of an isotherm at 50® C. correspondmg to conditions under which the dye 
concentration in the equilibrium solution was maintamed constant 
(0‘00i g./100 ml.) and the electrolyte concentration was steadily increased 
by the addition of sodium sulphate. Fig. 12 shows these results as a 
logarithmic plot of the dye absorption, log A, against the total concentra¬ 
tion of sodium ions in the solution, log [Na+] As was found for the tech¬ 
nical dye (Fig. 4) the logarithmic relation is nearly linear, diverging from 
the straight in the opposite direction from that observed for isotherms in 
which the electrolyte concentration is constant and the dye concentration 
m the solution variable (Fig. ii). In the present series of experiments tire 
concentration of sodium hydroxide was the same (o-im) for the isotherms 
corresponding respectively to constant electrolyte concentration and to con¬ 
stant dye concentration, and the isotherms are shown together in Fig. 13 as 
a loganthmic plot of the substantivity ratio, log A 1 C, against the salt-dye 
ratio, log [Na+] / C. The two sets of data do not in &is case overlap, but 
it is clear that |hey yield two distinct curves i and 2, though this treatment 
of the results is more nearly successful in co-ordinating the whole of the 
isothermal data than was the case when the sodium hydroxide concentra¬ 
tion was variable (Fig. 5); the failure to obtain a strictly unique relation 
between substantivity ratio and salt dye ratio could have been predicted 
from the fact that the curves in Figs, ii and 12 diverge from the linear in 
opposite directions. 

Table XI 

Purified Caledon Jade Green, Isotherm. 

Temperature 60®C.; Time 41 hours; Concentration of dye in solution, C, 0*001g./100 ml. 

NaOH 0-lM: NajSaO^ 0-01m. 


Concentration 

of 

NajSO^, M 

Total 

concentration 

of 

sodium ion 
[Na+],M 

Concentration 

of 

dye in cotton * 

A, g.yioog. 

Substantivity 

ratio, 

AlC 

Salt/dye 

ratio, 

[Na+l/C 

0 i 


0*633 


120 



0*899 

899 

320 



1*266 

1,266 

620 



1*666 

1 . 6 B 6 

720 

06 

M2 

2-180 

2,180 

1,120 


All the samples of cotton used in the experiments desenbed were first 
brought to eqmlibriim with (“conditioned in“) an atmosphere of 60 per 
cent, relative humidity. Since dyeing is carried out in a dilute aqueous 
solution it would scarcely be expected that the results would be influenced 
by the “ condition " of the cotton, but this expectation is not entirely justi- 
field by experiment. Samples of the same scoured cotton were conditioned 
for several weeks at 0 per cent, relative humidity (over phosphorus pent- 
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oxide), at 6o per cent, (over 74 per cent, glycerol solution), and at 100 per 
cent, relative humidity (over water). They were then used for rate of dyeing 
experiments, of which two were made, one (No. 14) at 25® C. and the other 
(No. 17) at 50° C., the compositions of the dye solutions were so chosen 
that the equilibrium absorptions at the two temperatures were roughly 
equal. The results are given in Table XII In each experiment the times at 
which measurements were made were selected so as to correspond roughly to ' 
absorptions equal to 35, 50, 75, and 100 per cent, of the equilibrium values 
It will be seen that there is no consistent difference between results obtained 
for the samples conditioned at 0 per cent and 60 per cent relative humidities. 
But the absorptions by cotton previously conditioned in a moisture- 
saturated atmosphere were lower than those obtained when the cotton was 
previously in equilibnum with drier atmospheres, the consistent differences 
are much too great to be accounted for by any possible expenmental error. 
The last column in the Table gives the percentage differences between 
result obtained for cotton conditioned at 100 per cent, relative humidity 
and the mean result for cotton conditioned in drier atmospheres. It is seen 
that the effect is greatest at about the time of half-dyeing, but that it remains 
appreciable at the longest times recorded. No explanation is offered for 
these abservations hut, as will be shown, a similar effect is observed in dye¬ 
ings made from vats of Caledon Red BN It is not possible to say whether 
the difference is purely one in rate of dyeing, or whether the equilibrium 
absorptions are also affected, since no truly steady state is reached in the 
longest times for which observations were made; the direction of the 
difference is particularly unexpected 

Table XII 

Purified Caledon Jade Green. Effect of Cotton **Gonditlon*’ on Rate of Dyeing. 


I 

Time t 

Absorption, Au g./lOO g for cotton " conditioned " at 

ion(3)-(4 

Hours Mms. i 

(1) 0%RH 

(2) 60% R.H 

(3) Mean of 
(1)&(2) 

(4) 100% R H, 

(3) 

Experiment 
0 10 

1 0 

4 0 

70 0 

Experiment 

0 3 

0 15 

1 0 

17 0 

No, 14 Tempe 
0-492 

0-929 

1-466 

2 016 

No 17 Tempe 

1 0-463 
i 0-874 

1-409 

1985 

irature 26° C , ! 
0 491 1 

0-912 

1424 ’ 

1 992 

jrature60°C , 
Na 2 S 04 0 
0-464 

0-885 

1-426 

1987 i 

Dye concentrat 
0 492 

0-921 

1440 

2 004 

Dye concentrai 

» 5 M 

f 0 464 

0-880 

1418 

1986 

ion 0-0026g /lOi 
0 416 

0 770 

1-263 

1-864 1 

bion 0-001 g /IC 

0-403 1 

0-734 

1 247 

1 876 

Oml 

16-6 

16-4 

12- 3 

70 

10 ml , 

13- 1 

16-6 

12-0 

65 


(c) PURIFIED CALEDON RED BN 
(1:2 ANTHRAQUINONE-NAPHTHACRIDONE) 

Caledon Red BN is a “cold dyeing“ colour In technical practice it is 
dyed at the ordinary temperature from a vat containing a lower concentra¬ 
tion of sodium hydroxide than that used with the “hot dyeing“ colours 
such as Caledon Jade Green. In most of the expenments described here 
the temperature of dyeing was 35° C and the concentration of sodium 
hydroxide in the solution o* 05M The general technique was the same as 
that used for purified Caledon Jade Green, the cotton sample being agitated 
m the dye solution under standardized conditions by fixing it to a mag¬ 
netically operated moving support. 

It was observed 1hat the hydrosulphite vat of Caledon Red BN is not 
strictly stable even in the absence of oxygen. Its spectral absorption 
curve slowly changes, the maximum of the main absorption band falling 
and moving towards shorter wave-lengths, the colour change from a bluish 
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red to a more orange shade is readily appreciated by the eye. Nothing is 
known as to the chemical change involved in this ageingof the vat but 
it IS accelerated by an mcrease in the concentration either of sodium 
hydroxide or of sodium hydrosulphite in the solution The effect is not due 
simply to the presence of electrolytes since the rate of change is not affected 
by the addition of sodium sulphate to the solution When the concentration 
of sodium hydroxide is o 5M and that of sodium hydrosulphite o im the age¬ 
ing IS complete in about four days at 25^ C , but the vats used in this work 
(0’05M NaOH, 0 oim NasSaOj) showed no measurable change within a day 

Purified Caledon Red BN. Rates of Absorption and Desorption 




Fig 16 ,—Temperature 25 °C. Fig 17 —Temperature 25 '‘C 

(Table XIV) (Table XIV) 

or two The ageing of the vat affects the absorption of the dye by cotton 
and, even when the concentrations of alkali and hydrosulphite aie low, it 
renders the use of veiy prolonged periods of dyeing inexpedient in equili¬ 
brium studies 
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In expeninenls on the dyeing of cotton with Caledon Red BN the 
equilibnum state "v^as approached from both sides by introducing into the 
same solution undyed cotton and cotton dyed in such a way as to contain 
originally about double the content of dye corresponding to the eqmlibimm 
state. Dye was thus absorbed by one sample and desorbed from the other, 
and it was thought that if the dye contents of the absorbing and desorbing 
samples were nearly equal after a reasonable peiiod of dyeing the mean of 
the two values might provide the best approximation to the true equilibrium 
value. Table XlII contains the results of two rate experiments made in 
this way, one (No 363) at 25° C., and one (No 366) at 50® C. They are 
shown graphically in Figs. 14 and 15 respectively, where it can be seen that 
absorption and desorption values m fact approach closely to one another 
after a few hours. 

Table XIII 

Purified Caledon Red BN. Rates of Absorption and Desorption. 

NaOH 0.05m; NaaSa04 0.01m 

Experiment 363 Temperature 26® C , Concentiation of dye in solution 0 0026 g / 
100 ml , NagSO^ 0 26m Undyed cotton and cotton containing 2 51 g dye/100 g 
Experiment 366 Temperature 60® C., Concentration of dye in solution 0 0006 g./ 
100 ml , Na 2 S 04 0 36 m Undyed cotton and cotton containing 0 496 g dye/100 g 


Time 



Dye content of cotton, At, g /lOO g 



Expenment 363 

Expenment 366 



Absorbing 

Desorbing 

Absorbing 

Desorbing 

0 

0 

0 

2*61 

0 

0 496 

0 

12 

0 73 

1 61 

0492 

0 286 

0 

30 

0-98 

148 

0-224 

0-264 

1 

0 

116 

1*41 

0-233 

0-267 

2 

0 

1-29 

141 

0-239 

0 266 

4 

0 

131 

140 

0-241 

0-266 

8 

0 

1 34 

1 38 

0-244 

0-263 

19 

0 

1*38 1 

145 

0 247 1 

0 257 


An inspection of the data in Table XIII shows, however, that during the 
last penod of observation (8 to 19 hours) the dye content appears to rise in the 
desorbing, as well as in the absorbing, sample Although the differences 
that suggest this rise are very small, they may be significant for the follow¬ 
ing reason The dyed cotton used for the desorption measurements had 
been dyed for 22 hours under the general conditions used in this work, that 
is, with mechanical agitation in a very large relative volume of dye solution 
If, however, equilibrium were not attained in this process the dye content 
of relatively inaccessible parts of the cellulose may have been lower than 
the eqmlibnum value for the dye solution into which desorption subsequently 
occurred In this case the process would consist of a simultaneous rapid 
desorption from the more accessible parts and slow absorpbon by the less 
accessible parts After a certain time, the absorption would be the only 
operative process, and the object of the experiment m fixing more accurately 
the true equilibnum value would not be achieved It might be expected 
that an effect of this kind would be more pronounced if the conditions of 
dyeing for the sample subsequently to be used m desorption measurements 
were such as to render the attainment of a true eqmlibnum state m the 
initial dyeing process less likely. In an expenment for which the data are 
given in Table XIV the sample of cotton for desorption was dyed by a 
normal vat-dyemg process, namely, for 30 nunutes at 25° C. in a relatively 
small volume of solution, that is, with nearly complete exhaustion of the 
dye hquor The results of the absorption and desorption measurements for 
the longer times are shown graphically in Fig 16, and leave no doubt that 
during desoiption the dye content of the cotton passes through a minimum, 
and then rises along a curve nearly parallel to the absorption curve. 
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Table XIV 

Purified Caledon Red BN. Rates of Absorption and Desorptio 

Temperature 26® C , Concentration of dye in solution 0 025g /lOO ml ; NaOH 0 06 m , 
Na 2 S 204 0 01 m , NagSO^ nil; Undyed cotton and cotton containing 2*73 g. dye/100 g 


Time 

t 

Dye content of co 

tton. A/, g /lOO g 

Absorbing 

Desorbing 


Secs 






0 


0 


2 730 


4 


0 

164 

2 863 


16 


0 

226 

2 827 


36 


0 

315 

2-753 


64 


0 

390 

2 766 


100 


0 

442 

2 624 


225 


0 

636 

2 417 


400 


0 

753 

2 093 

Hours Mins 1 




0 

12 

1 

005 

1 703 

0 

30 

1 

160 

1 377 

1 



i 

300 

1-400 

2 


0 

1 

347 

1 418 

4 


0 

1 

385 

1422 

9 


0 I 

1 

407 

1 456 


Table XIV contains some results obtained m this experiment after very 
short times, and the values for times below one hour are shown graphically 
m Fig. 17. In the very early stages of the desorption experiment (times of 
a few seconds) the dye content of the sample is seen first to rise and then to 
fall. This IS due to the fact that when the dyed sample is first introduced 
into the solution, the dye is wholly in the oxidized form, and the concen¬ 
tration of the leuco-compound in the cotton is zero—as it is in the undyed 
cotton Although the reduction of the dye on the cotton by the hydro¬ 
sulphite in the solution is rapid, it is not sufficiently so to prevent an initial 
net absorption of dye by the dyed cotton. The shape of the desorption 
curve IS thus complex, and the curve contains both a maximum and a 
minimum 

The results of the rate measurements show that some compromise is 
agam necessary in selecting the conditions for equilibiium measurements. 
In the work now to be described the time of dyeing was 20 hours. At times 
longer than this the rate of change in the dye content of the cotton is very 
slow, whilst no measurable ‘'ageing'' of the vat occurs within 20 hours 
under the conditions employed. The values obtained must be slightly below 
the true equilibrium values, but they provide a reasonably accurate picture 
of the relations in equilibrium systems 

The absorptions of the dye by cotton at 25° C from solutions of variable 
dye concentration but constant electrolyte concentration are given in 
Tables XV, XVI and XVII For all three sets of results the concentrations 
of sodium hydroxide and sodium hydrosulphite were 0 05M and o*oim 
respectively; for the first set (Table XV) no other addition was made to the 
dye solution, whilst for the second and third sets (Tables XVI and XVII) 
the dye solution was 0 125M and 0 25M respectively in sodium sulphate. 
The corresponding isotherms are plotted logarithmically in Fig. 18 where 
Curve I IS derived from results obtained in the absence of sodium sulphate, 
curves 2 and 3 from those obtained with solutions o-iaSM and o*25M res¬ 
pectively in sodium sulphate The curves diverge slightly, but definitely, 
from the straight in the direction previously o&erved for Caledon Jade 
Green, but they are closely parallel to one another. The effect of adding 
sodium sulphate to the vat in concentration o*i25M is roughly to double the 
amount of dye absorbed by the cotton at all concentrations of dye in the 
solution The isotherms previously obtained with punfied Caledon Jade 
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Green (Fig. ii, Tables IX and X) are repioduced in broken line in Fig i8. 
Curve 4 being the isotherm at 25® C , and Curve 5 that at 50® C. for the 
Jade Green vats in the absence of added sodium sulphate. The isotherm 
obtained for Caledon Jade Green at 50° C (Curve 5), but not that at 
25® C. (Curve 4) is closely parallel to the isotherms for Caledon Red BN at 
25® C (Curves, i, 2, 3) A comparison of Curves i and 4 shows that, 

Purified Caledon Red BN. Isotherms at 25® C. 




Fig 20 —Venable Dye and Electrolyte Concentrations in 
Solution 

(Tables XV, XVI, XVII, XVIII). 

when the two dyes are dyed at the same temperature (25° C) from vats 
containmg no added salt, Caledon Jade Green is absorbed by cotton in 
much greater amount than Caledon Red BN, the concentration of the dye 
in the equilibnum solution (g /100 ml) being the same in the two cases. It 
IS well known that Caledon Jade Green is much more substantive than 
Caledon Red BN, and this is one of the reasons why the former is a "'hot 
dyeing " the latter a " cold dyeingcolour 
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Table XV 

Purified Caledon Red BN. Isotherm. 

Temperature 25® C.; Time 20 hours , NaOH 0 05 m , Na 2 S 204 0*01 m , Na 2 S 04 ml, 

[Na+] 0 07 M 


Concentration 
of dye in solution, 
C, g /ICO ml 

Concentration 
of dye 
m cotton, 
ji, g /lOO g 

Substantivity 

ratio 

A/C 

Salt/dye 

ratio 

[Na+]/C 

0 0010 1 

0 26 

260 

70 0 

0 0026 ; 

0 46 

180 

28 0 

0 0060 1 

0 67 

134 

14 0 

0 0100 I 

0 92 

92 

7 00 

0 0260 ! 

130 

52 

2 80 

0 0600 1 

1 68 

34 

140 


Table XVI 

Purified Caledon Red BN. Isotherm. 

Temperature 25° C,, Time 20 hours , NaOH 0 06 m , Na 2 S ,04 0 01 M, NaaS 04 

0 126 m, [Na+]0 32M. 


Concentration 
of dye 
in solution, 

C, g /lOO ml 

Concentration 
of dye 
in cotton, 
g/lOOg 

1 1 

Substantivity 

ratio 

A/C 

1 

Salt/dye 
j ratio 

1 [Na+]/C 

0 0005 

0 37 

740 

640 

0 0010 

0 59 

690 

320 

0 0026 

0 94 

376 

128 

0 0050 

1 32 

264 

64 0 

0 0100 

1 75 

175 

32 0 

0 0260 

2 49 

100 

12 8 


Table XVII 

Purified Caledon Red BN. Isotherm. 

Temperature 25° C,, Time 20 hours , NaOH 0 05 m , NunSoOi 0 01m, NaoSO^ 0*25 M, 

[Na+] 0 57 M. 


Concentration 
of dye 
in solution, 

C, g./lOO ml 

Concentration 
of dye 
in cotton, 

A. g 1100 g. 

Substantivity 

ratio 

AlC 

Salt/dye 

ratio 

[Na+]/C 

0 0005 



1,140 

0 0010 

0 79 

790 

570 

0 0025 

1 25 


228 

0 0050 

1 78 

366 

114 

0 0100 

2 31 


67 0 

0 0250 

3 25 


22 8 


Table XVIII contains results for the absorption of Caledon Red BN by 
cotton at 25° C from a solution of constant dye concentration (o oo5g./ 
100 ml) and increasing electrolyte concentration obtained by the additon 
of sodium sulphate to the solution. The results are shown in Fig 19 as a 
logarithmic plot of the total sodium ion concentration m the solution [Na”^], 
against the equilibnum concentration of dye in the cotton, A, the logarithmic 
rdation being a linear one within the experimental error. 

Fig. 20 shows the whole of the isothermal data for Caledon Red BN, 
whether at constant dye or electrolyte concentration (Tables XV-XVIII) m 
a logarithmic plot of the substantivityratio A/C against the salt/dye ratio 
[Na+]/C, for all these data the concentration of sodium hydroxide in the 
solution IS constant and equal to 0 05M:. The figure shows that an approxi¬ 
mate co-ordination of all the data, which cover a thousand-fold range in 
the salt/dye ratio, can be obtained by this treatment. The whole array of 
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points obtained m this method of plotting lie near to a straight line, though 
a close inspection shows that individual sets of points describe four distinct 
and slightly different curves that overlap one another 

Table XVTII 

Purified Caledon Red BN. Isotherm. 

Temperature 2o® C , Tune 20 hours , NaOH 0 05 m , Na^SaOi 0 01 M , Concentra¬ 
tion of dye m solution, C, 0 005 g /lOO ml 


Concentration 

of 

NagSO^ 

M 

Total 

concentration 

of 

sodinm lOn 
[Na+] M 

Concentration 

of 

dye in cotton , 
^,g/100g. 

Substantivity 

ratio 

A 1C 

Salt/dye 

ratio 

[Na^/C 

0 

0 07 

0 07 

134 

14 0 

01 

0 27 

1 21 

242 

54 

0*2 

0 47 

1 56 

810 

94 

03 

0*67 

1 89 

378 

134 

04 

0 87 

2*18 

436 

174 

06 

107 

2 34 

468 

214 


Table XIX 

Purified Caledon Red BN. Redox Potentials, 

Temperature 60® C , Concentration of dye in solution 0*0188 g /lOO ml , NaOH 0*1 m 


Concentration of pyndme, 
[Py], ml /lOO ml 

Potential 

1 Eu, inv 

AEu 

mv 

0 

— 465 

0 

M 

-442 

13 

2 1 

-439 

16 

60 

-422 

33 

80 

-413 

42 

10 0 

-406 

49 


The effect of the addition of pyridine to the Caledon Red BN vai on the 
absorption of the leuco-dye by cotton, and its effect on the potential of the 
redox system formed by a solution of the leuco-dye m equilibrium with the 
solid oxidized foim of the dye, are both qualitatively similar to the effects 
already recorded for Caledon Jade Green The attempt was again made to 
compare the effect of pyndme on the activity of the leuco-dye as calculated 

from potential measurements, with that 
calculated from measurements of the 
absorption of the leuco-dye by cellulose 
On account of the slow establishment of 
the electrode equilibnum, the potential 
measurements could not be made with 
sufficient accuracy at 25® C., and they 
were therefore made at 50° C. Table 
XIX gives the potentials at this tem¬ 
perature of solutions of the leuco-dye 
of concentration 0-0188 g./ioo ml. 
containing various concentrations of 
pyridine, and in eqmlibrium with the 
solid oxidized dye; the concentration of 
sodium hydroxide in the vat was o*iM. 
The nse in potential A£m caused by the 
addition of pyndme is plotted against 
the concentration of pyridine in Fig. 21. 



Solutions of varying Pyndme Con¬ 
centration (Table XIX) 
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The equilibrium absorptions already reported for Caledon Red BN 
were all made at 25° C , and a special series of measurements was there¬ 
fore made at 50° C. for comparison with the potential measurements. In 
tlus senes a fine-filament viscose rayon yarn was used as the cellulose 
absorbent for the dye, the time of dyeing was reduced to 4 hours, and the 
concentration of sodium hydroxide in the vat was 0‘IM as in the potential 
measurements At the higher temperature, and with the greater concentra¬ 
tion of sodium hydroxide, a more prolonged peiiod of dyeing was con¬ 
sidered inadvisable m view of the proved instability of the Caledon Red BN 
vat. The fine-filament rayon yam was used instead of cotton because this 
was thought to offer the best chance for the attainment of equilibrium in the 
relatively short dyeing period If the effect of the pyridine on the absorp¬ 
tion of tihe dye is due solely to its effect on the activity of the leuco-dye in 

Purified Caledon Red BN and Vlcose Rayon, Isotherms at 50°C. 



Fig 22 Variable Dye Concentration in 
Solution (Table XX) 



solution, the relative activities of solutions containing different concentra¬ 
tions of pyndine should, when measured in this way, be independent of the 
precise nature of the cellulose sample It is possible that the measured 
absorptions are appreciably below true equilibnum values, but no great 
accuracy can in any case be claimed for the comparison of potential, with 
absorption, measurements The absorption data are given in Tables XX 
and XXI corresponding respectively to Figs 32 and 23 Fig 22 shows the 
variation at 50® C. of the equilibrium absorption with the concentration of' 
dye in vats free from pyndine and 0 im in sodium hydroxide. Fig. 23 
shows the vanation at the same temperature of the equilibnum absorption 
with the concentration of pyndine in vats of constant dye concentration 
(0‘025g./iooml) also o-im in sodium hydroxide 


Table XX 

Purified Galednn Red BN. Isotherm (Viscose Rayon). 
Temperature 60® C , Time 4 hours, NaOH 0 1 m, Na^Sp^ 0 0025 m. 


Concentration 

Concentration 


of dye 

of dye 

Siibstantivity 

in solution, 

in viscose, 

latio 

C, g /lOO ml 

.•l,g/100g 

AjC 

0 0015 

0 310 

207 

0 0032 

0 469 

147 

0 0060 

0 965 

161 

0 0117 

1 275 

109 

0 0180 

1 65 

92 

0 0250 

2 02 

81 
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Table XXI 

Purified Caledon Red BN. Isotherm (Viscose Rayon). 

Temperature 50° C , Time 4 hours , Concentration of dye in solution, 

C, 0 026 g /lOO ml , NaOH 0 1 m, NaaSaO^ 0 0025 M 


Concentration 
of pyradine 
[Py], ml /lOO ml 

Concentration 
of dye in 
viscose , 
-4,g/100g 

Substantivity 

ratio, 

A 1C 

0 

2 02 

81 0 

1 

1 49 

60 0 

2 

1 00 

40 0 

6 

0 446 

17 8 

8 

0 227 

9 1 

10 

0 164 

6 6 


As descnbed for Caledon Jade Green, the activity coefficients of the 
leuco-dye in solutions containing different amounts of pyridine have been 
calculated from the potential measurements by inteipolation in Fig 
and from absorption measurements by interpolation in Figs. 22 and 23 
The two sets of results are compared m Table XXII, which shows reason¬ 
able agreement between activity coefficients calculated by the two 
independent methods 


Table XXII 

Purified Caledon Red BN. Activity Coefficients in Vats containing Pyridine. 
Temperature 50° C , NaOH 0 1 m 


Concentration 
of pyridine, 
[Py],ml/100inl 

Potential m 

easuremcnts 

Absorption measi 

irements 

Potential 

rise 

AEm mv 

* Activity 
coefficient 

y 

Concentration of d\e 
giving equal absorption 
in pyridino-free 
solution, 
c, g /lOO ml 

« 

1 Activity 

1 coefficient 

y 

0 

0 

10 

0 025 

10 

1 

10 0 

0 49 

0 0143 

0 57 

2 

17 0 

0 29 

0 0076 1 

0 30 

3 

23 6 

0 18 

0 0060 

0 20 

4 

28 0 

0 13 

0 0033 1 

0 13 

6 

33 0 

0 09 

0 0024 

0 09 

8 

43 0 

0 05 

0 0010 

0 04 

10 

48 0 

0 03 

0 0006 

0 026 


Table XXIII compares, under constant conditions of dyeing, the absorp¬ 
tion of Caledon Red BN by cotton m its normal "'condition" (in equih- 
brium with air at 60 per cent R H ) with the absorption by the same cotton 
previously steeped in water, steeped in dilute sodium hydroxide and hydro¬ 
chloric acid solutions, and exposed to air saturated with water vapour 
After treatment with the dilute acid or alkali the cotton was washed with 
water, but none of the samples was allowed to dry after its pre-treatment 
and prior to its introduction into the dye solution The results show that 
all the treatments produced a fall in dye absorption from the value obtained 
when the cotton was introduced into the dye solution in its normal “con¬ 
dition" The results recorded for samples steeped in dilute sodium 
hydroxide suggest that the full effect of the wet treatment is only obtained 
after penods of steeping exceeding one day. These results are similar to 
those already described in experiments with Caledon Jade Green It is not 
known whelher the effect is due to a change in the equilibnum absorption of 
the dye, or to a change m the rate of dyeing. 
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Table XXIH 

Purified Caledon Red BN. Effect on Absorption of Pre-treatment of Cotton 
with Water and dilute Aqueous Solutions. 

lemperature 25® C , Tune 21 hours , Concentration of dye m solution 0 005 g /lOO ml, 
NaOH 0 05 M , Na^SaO^ 0 01 m 


Pre-treatment | 

Concentration of dye 111 cotton , 

A, g 1100^ 

Brought to equilibrium with air at 60% R H 

JO 666 , 0 651, 0 6-19 

\.0 664, 0 666 , 0 040 Mean 

0 663 

Steeped in watei, 6 days 

0 606, 0 604 

0 605 

„ 6 

0 603, 0 604 

0 603 


0 601, 0 599 

0 600 

Exposed to water-saturated air, 6 days 

0 694, 0 595 

0 695 

Steeped m 0 06 M NaOH, 3 hours 

0 636, 0 627 

0 632 

„ 1 day 

0 619, 0 611 

0 615 

Steeped in 0 06 m HCl. b days 

0 599, 0 592 

0 596 


EXPERIMENTAL 


1. Apparatus and General Procedure 

The apparatus and procedure described in this section were used in all 
expenments with purified Caledon Jade Green and purified Caledon Red 
BN The vessel m which the dyeing process was carried out is illustrated 
diagrammatically in Fig 24 It was a cylindrical 
glass vessel A, designed to contain one litre of solu¬ 
tion, closed with a glass lid B, the joint being ground 
and its tightness ensured by a circulai lubber band C 
drawn over it The narrowed neck of the lid was 
closed with a rubbei stopper D catrying the glass 
tubes E, F and G. The vessel was filled with solu¬ 
tion through the tube F, of nariow bote, whilst the 
wider tube E served for the evacuation of the vessel 
or its filling with an inert gas The tube G was a part 
of the magnetic stirring system, and it enclosed a 
nickel-plated iron cylinder H supported by a con¬ 
striction J in the tube G The elcctiomagnct K, sui- 
rounding the tube G and lesting on the lubber stop L, 
consisted of about 7,000 turns of 30 SWG copper wire 
wound on a thin brass former. The samples of cotton 
yarn to be dyed were supported on the glass frame¬ 
work MPQ suspended by a nickel wire N from the 
iron cylinder H The electromagnet was controlled 
through an Isenthal make-and-break switch which 
interrupted the exciting current 150 times a minute 
The iron cylinder and the attached glass framework 
were thereby alternately raised and diopped through 
about 2-|- inches with the same frequency 

The glass yarn-support consisted of a central glass 
rod M to which were sealed six short glass arms on 
each side Two opposite arms, such as P and Q, were 
in the same straight line, and each atm terminated m 
an eyelet hole The sample of yarn was threaded to 
and fro alternately through each eye of a horizontal 
pair of arms, and the yarn ends weie finally tied 
loosely together In this way the yarn was arranged 



Fig 24 
Dye Vessel 


in the form of a loose multi-thread loop, the yam-support accommodating 
SIX such samples, the circumference of the loops was not sufficiently great to 
permit entanglement between,neighbouring samples. A battery of six dye 
vessels as described, each with its own electromagnet and yarn-support, and 
submerged in a thermostatically-controlled water-bath, was 111 use for much, 
of the investigation 
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The apparatus used far preparing dye solutions of known composition, 
and for filling the dye>vessels, is shown diagrammatically m Fig. 25. The 
part ABC was used for the preparation, from a known weight of the dye 
in its oxidized form, of a solution of the leuco-dyc of known composition. 
This solution, called the concentrated vat, was stored in the litre measunng 
vessel C, it was much more concentrated in dye than the dye solutions to 
be prepared from it, but general^ of the same concentration in sodium 
hydroxide and sodium hydrosulphitc 



Fig 25 \’attiiig Apparatus 

The part of the apparatus D E F G consisted of a number of burettes 
for measunng the vanous solutions to be mixed in order to obtain a dye 
solution of the required composition and volume The concentrated vat, 
supplied frorn the vessel C, was measured from the 50 ml burette D, and 
the additional alkaline sodium hydrosulphite solution of the desired com¬ 
position, known as the blank vat, from the 500 ml burette E, which was 
supplied from the bottle H (3 litres). The two 500 ml. burettes F and G 
were used for measuring other constituents of the dye solution required to 
adjust it to a desired composition, for example, water, pyridine or a solution 
of sodium sulphate of known concentration The four burettes D, E, F, G, 
were connected at their lower ends to a solution supply-line J K, to which 
the dye-vessel L could be attached. All parts of the apparatus containing 
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. hydrosulphite, with or without the leuco-dye (A, B, C, D, E, H, L) were 
connected to a gas supply-line MN through which they could be exhausted 
by means of a Hyvac pump and filled with pure nitrogen. A barometer 
tube P dipping m a deep mercury well Q was attached to this line. The 
nitrogen was drawn from a cylinder, freed from oxygen by washing with 
an alkaline hydrosulphite soluton (900 g sodium hydrosulphite, 680 g. 
potassium hydroxide, 45 g. sodium anthraquinone-2-sulphonate, 5-5 1 
water), and stored over this same solution m a glass gasholder under a low 
pressure head. Connections to the gas supply-line were made by sealed 
glass joints and controlled by ground glass taps, but, for connections to 
the solution supply-lme, rubber tubing joints and screw clips were found 
more satisfactory with the strongly alkaline solutions. The solution supply- 
line, and other glass connecting tubes through which solutions passed, were 
I‘2 mm in internal diameter and residues of solution contained m them 
could be blown out by nitrogen. 

The vessel A contained a sintered glass filter disc R, the diameter of the 
disc being 5 cm and the capacity above the disc 200 ml , it was surrounded 
by a glass jacket S The procedure for the preparation of the concentrated 
vat was the following The weighed amount of purified dye was dissolved, 
while still m its weighing bottle, in concentrated sulphunc acid, and immedi¬ 
ately leprecipitated by pounng the solution into a large volume of water. 
The precipitated dye was collected on the filter disc R, and for this purpose 
the vessel A was detached from the rest of the apparatus and supported m 
an ordinary filter flask, the dye was washed free from acid and left wet 
with water. The vessel A was then returned to the position shown m Fig. 25 
and the connection at V made, but not those at W, M, or J The blank 
vat to be used for the dissolution of the dye (500 ml) was poured into the 
vessel B. The concentrations of sodium hydroxide and hydrosulphite were 
generally double those required m the final dye solution so that when the 
blank vat was diluted to one litre in the measuring vessel C the concentra¬ 
tions of those components were those desired in the final solution Oxygen 
was then removed from the vessels A, B and C by alternately evacuating 
them and filling them with pure nitrogen several times, A and B being finalty 
left filled with nitrogen and C evacuated The blank vat was then run m 
small portions at a time from B into A, the solution m A being wanned by 
filling the jacket S with water at about 30° C. (Red BN) or 60® C. (Jade 
Green) The dye dissolved readily and the solution was drawn through the 
filter disc into the evacuated measunng vessel C When the whole of the 
dye had been dissolved the remainder of the blank vat was drawn into C, 
followed by wash water, and the solution was diluted with water to one litre 
by filling C to the mark U This procedure ensured that the whole of the 
dye was reduced, and that the solution contained no particles of undissolved 
dye The purified d5/es were m the form of well-developed crystals, and 
the vattmg of such preparations is a relatively slow process, the success of 
the procedure outlined above depended upon the use of the dyes m the 
precipitated form in which they are rapidly reduced and dissolved by 
alkaline hydrosulphite 

The connection at V was finally broken, vessels A and B were removed 
from the apparatus, and the vessel C was shaken to produce a homogeneous 
solution This completed the preparation of the concentrated vat 

For filling, the dye-vessels (L) were connected in turn to the apparatus 
at J and M, the yarn-supports having pieviously been removed They 
were alternately evacuated and filled with nitrogen several times, finally 
being left evacuated so that solutions could be drawn into them from the 
burettes The precise procedure depended upon the nature of the expenment 
to be made In many of the equilibrium measurements the dye solutions 
differed in dye concentrations, but were otherwise identical in composition, 
and contained no constituent other than those required for the vattmg. The}’ 
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were then prepaied by mixing in different proportions the concentrated vat 
measured from the burette D, supplied from the vessel C through the con¬ 
nection W, with the blank vat measured from the burette E supplied from 
the bottle H; the total volume filled into the dye vessel L was generally one 
litre. When all the required solutions had been added to L, the free space 
was filled with nitrogen. The two burettes F and G were required when 
the dye solutions contained an additional variable constituent such as sodium 
sulphate or pyndine. It was then most convenient to arrange that the con¬ 
centrated vat and the blank vat together made up a volume of 500 ml of a 
solution in which the concentrations of dye, sodium hydroxide and sodium 
hydrosulphite were double those finally desired, the remaimng 500 ml was 
then composed of a mixture in vanable proportions of a solution of sodium 
sulphate, or other addition, and of water, measured from burettes F and G, 
which required no protection from air. In measurements of the rate of dye¬ 
ing all the dye solutions in one senes of observations were of the same com¬ 
position The concentrated vat m C was then usually blown with nitrogen 
into a 5 1 measunng flask containing the remainder of the sodium hydroxide 
and hydiosulphite, and any other constituent The solution was then made 
up to bulk and drawn into the evacuated dye-vessels, which were finally 
filled with nitrogen When all the dye-vessels had been filled they were 
stood in a thermostatically controlled water-bath while the yarn samples were 
prepared and fixed to the yam-supports. 

The supply of cotton yam was normally stored over a 74 per cent, 
glycerol solution in a conditioning chamber at 60 per cent relative humidity 
The moisture content of the yam when in equilibrium with this atmosphere 
was found to be 6 3 per cent , and this value was used in all calculations 
of diy weights from conditioned weights Since the relative humidity of 
the conditioning chamber was near to the average relative humidity of the 
laboratory atmosphere, the conditioned ysxxi could be weighed, and handled 
for short periods, in the open air Samples of conditioned yarn of the 
required length were measured off, weighed, fixed to the yarn-supports as 
already described, and then returned to the conditioning chambei When 
the dye-vessels and their contents had reached temperature equilibrium the 
lids were removed in turn, the yam-supports with their attached samples 
were fixed in place on the suspension wires, the vessels again closed, evacu¬ 
ated and filled with nitrogen, and the magnetic agitators set in motion 
When, in measurements of rate of dyeing, the time of dyeing was 30 
minutes or less, the dye-vessels were not again evacuated and filled with 
nitrogen The procedure then was to remove the lid, fix the yarn-supports 
to the suspension wires, set the agitators in motion, and plunge the yam 
into the dye solution at the zero time 

After the dyeing process had been in progress for the desired time, the 
dye-vessel was opened, the samples were cut from their support, momentarily 
pressed m a cloth, and each was dropped into a known volume of pure 
pyridine (10 to 40 ml) contained in a stoppered tube The weight of the 
tube with its content of pyndine was known, and the weight of wet yam 
added to it was determined by weighing the tube again The weight of the 
dye solution adhering to the yam, and hence the weight of dye in the 
adhenng solution, could then be calculated This quantity was applied as 
a correction to the expenmentally determined dye absorptions though it was 
usually almost negligible on account of the' high substantivity ratios of the 
vat dyes 

In some experiments cotton yams previously conditioned at 0 per cent 
relatve humidity (over phosphorus pentoxide), 60 per cent (over 74 per 
cent glycerol) and 100 per cent relative humidities (over water) were dyed 
in the same soluton and on the same yam-support A modification of the 
procedure desenbed above was then necessary The required lengths of 
yam were taken from their respective conditioning chambers, and, without 



Red B'N and Caledon Jade Green by Cotton—Geake t8i 

' weighing, were quickly fixed to the yam-support, that conditioned at 6o 
per cent. R.H. first, followed by that conditioned at lOO per cent. R H. 
and finally that conditioned at o per cent. R.H. The yams were then 
immediately introduced into the dye solution and dyeing was continued for 
the requisite time. After the samples had been analysed by extraction of 
the dye with pyridine the extracted yam was washed free from p3nidme 
with water, dried and weighed 

The total weight of cotton used in any expenment was such that the 
fall in the dye concentration of the solution due to the absorption of dye by 
the cotton seldom exceeded 2 per cent and was generally less than i per 
cent. 

2* Analysis of the Dyed Yarn 

The stoppered tube containing a known volume of pyndine and the 
sample of dyed yam was allowed to stand for an hour in a steam oven at 
a temperature of about 90® C At the end of this time virtually the whole 
of the dye had been extracted from the cotton and was held in pyridme 
solution in its fully oxidized form The samples of high dye content still 
showed a slight colour at the end of the process and remained coloured after 
more prolonged extraction The small residue of dye could, however, be 
removed in a second similar extraction process with fresh solvent, but 
measurements showed that the amount of dye remaining in the cotton after 
one extraction did not exceed 0*5 per cent of the total dye present, a 
quantity that could generally be neglected. If the dyed yarn was allowed 
to dry in the air before being dropped mto the pyndine the extraction of 
the dye from it became much more difficult, and still more so if the dr5nng 
was completed m a desiccator or an oven 

The concentration of dye m the p5Uidine solution was determined by 
companng its optical density, as measured in a photo-electric spectro¬ 
photometer, with that of a standard solution of the same dye in pyridme 
prepared from a sample previously dned to constant weight at 100® C. in 
vacuo The measurements were made at a wave-length of 655 m/i for 
solutions of Caledon Jade Green, and of 503 m/i for those of Caledon Red 
BN, these being the wave-lengths of maximum absorption for the two dyes. 
The standard solutions with which the solutions for analysis were compared 
contained 6 mg. of purified Caledon Jade Green, or 30 mg of purified 
Caledon Red BN, in one litre of pure pyndine, the optical density* of both 
these solutions m a cell i cm thick being near to 0*5 at the respective 
maxima in the spectral absorption curves The volume of pyridine used 
for the extraction of the dye, and the weights of the cotton samples dyed, 
were selected so that the concentrations of dye in the pyridme extracts were 
near to those in the standard comparison solutions. Preliminary work 
enabled the requisite volumes and weights to be estimated fairly closely, 
and the concentration of dye m the solution for analysis was generally within 
10 per cent of that m the standard solution, if the difference exceeded 20 
per cent., a subsidary standard of more appropriate concentration was used 
m the companson. The vanation of optical density with concentration over 
this narrow range was represented with ample accuracy by Beer's Law for 
solutions of both dyes The comparison of two solutions of similar con¬ 
centration had the further advantage of eliminating a number of possible 
instrumental errors. 

3. Caledon Jade Gresn 

A considerable quantity (about 25g.) of crystalline 16:17-dimethoxydi- 
benzanthrone was provided by Messrs. I.C.I Ltd., and was used in much 
of the work, under the description ‘'purified Caledon Jade Green” In 

* Optical density = -log Transmittance = log where I is the intensity of light 
transmitted by the solution, and Iq that of the light transmitted b 3 ’' the same thickness 
oCsolvent 



4 —The Absorption of the Two Vat Dyes Caledon 


tS2 

order to assess the purity of this material small samples were reciystallized 
once, twice and three times from solution m pyridine (ig per litre) Its 
solubility in this solvent is about o-i per cent at the boiling point, and the 
yield of crystals in each crystallization was about 8o per cent. The absorp¬ 
tion spectrum in the visible region of the punfied Caledon Jade Green after 
three recrystallizations from pyndine is shown in Fig 26, Curve i, as a plot 
of specific extinction coefficient (optical density/concentiation in g. per 1) 
against wave-length. The measurements were made on a solution of the 
dye in pure pyridine at a concentration of 6 mg per L, and the data from 
which the curve was constructed are given in Table XXIV The main 
absoiption band has its maximum at a wave-length of 655 m/i, and is 
charactenzed on the side of shorter wave-lengths by a slight "'hump'' m 
the spectral absorption curv^e caused by a point of inflection at about 
620 m/ji The maximum extinction coefficients of the original purified 
Caledon Jade Green and of the products obtained from it in successive 
recrystallizations are given in Table XXV. The differences between the 
values obtained for the products of one, two and three recrystallizations are 
little greater than the errors of measurement, but the value for the original 
punfied Caledon Jade Green'" is slightly lower than those for the 
recrystallized products, suggesting that it was not quite free from impurities 

Absorption Spectra of Dyes in Pyridine Solution. 



This was confirmed by the more critical test of a comparison between the 
^ectral curves obtained for the crystals and the various mother liquors 
The spectrum of the first mother liquor was widely different from that of 
the recrystallized dye. That of the mother liquor from the second crystalliza¬ 
tion was much nearer to the spectrum of the crystals; for the third 
crystallization the spectra of mother liquor and crystals were hardly dis- 
tinguish^le from one another The impurities were substances of relatively , 
higher absorption at wave-lengths outside the main absorption band, namely, 
atsoo m;4 and below, and at 700 mp. and above. No significant differences 
were obser\-ed m the relative absorption at 620 and 655 mu, and the inflec¬ 
tion in the spectral cun^e at 620 mp must be regarded as a feature of the 
pure substance 
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Table XXIV 

Absorption Spectrum in Pyridine of Purified Caledon Jade Green recrystallised 
three times from Pyridine. 

Wave-length, m/i , £ = Specific extinction coefficient = Optical density/concentra- ' 
tion,'g per 1, at concentration 6 mg /I 


7. 

e 

1 ^ 

E 

A 

£ 1 

1 

1 

E 

420 

26 2 

510 

66 

600 

55 8 

680 ! 

51 1 

430 

19 1 

j 620 

74 

610 

60 4 

690 1 

32 9 

440 

10 0 

630 

11 0 

620 

63 8 

700 

; 18 2 

450 

39 

540 

14 2 

630 

70 0 

710 

96 

460 

24 

560 

18 6 

640 

77 7 

720 

47 

470 

20 

560 

23 5 

650 

84 0 

730 

22 

480 

24 

570 

29 4 

666 

84 0 

740 

1 2 

490 

29 

680 

38 0 

660 

81 9 

750 1 

OS 

500 

40 

690 

47 0 

670 

69 6 

1 



Table XXV 

Specific Extinction Coefficients at 665 m/z of Purified Caledon Jade Green in 
Pyridine Solution and of Products obtained from it by successive 
Recrystalbzations. 


Material 

Extinction 

coefficient 

Puiified Caledon Jade Green 

814 

„ reel ystallized once 

83 6 

II II twice 

82 6 

„ ,, three times 

84 0 


Caledon Jade Green can also be re-crystallized from nitrobenzene, and it? 
solubility m this solvent at the boil is much greater than in boiling pyridine 
Hence crystallization from nitrobenzene does not require such an incon¬ 
veniently large bulk of solvent as is the case when pyridine was used It 
was found, however, that crystallization from nitrobenzene is less efficient as 
a method for puiifying Caledon Jade Green than ciystallization from 
pyndine. The extinction coefficient of the pure dye m nitrobenzene solution 
at 655 m/x was, within the errors of measurement, the same as its extinction 
coefficient in pyridine solution 

The above investigation showed that the sample described as ‘'purified 
Caledon Jade Green,'* if submitted to no' further purification process, 
probably contained about 3 per cent impurity It was regarded, however, 
as sufficiently pure for the present purpose, and was used in all the later, 
more critical, work. 

In earlier work a technical material described as Caledon Jade Green B, 
3000 powder was used, and its spectral absorption in pyridine solution is 
given by Curve 2 in Fig 26 The maximum absorption occurs at the same 
wave-length (655 m/x) as with the recrystallized dye, but the extinction 
coefficient at this wave-length (52 4) was only about 65 per cent of that 
of the purified Caledon Jade Green (81 4) or about 63 per cent of that of 
the purified dye after further recrystalhzation from pyndine (84 0) In 
expenments using the technical ‘ ‘ 3000 powder'' the pyridine solution used 
as a standard in the aniilysis of the dyed cotton was prepared from the 
technical dye, and the concentration of the standard solution as determined 
from the weight of technical dye and the volume of solvent was reduced in 
the ratio of i to 0*65 for the purpose of calculating the lesults This was 
done in order to render the results obtained from the technical dye more com¬ 
parable with those obtained from the purified dye Fig 26 shows, how¬ 
ever, that the difference between the technical and pure samples was not 
entirely one of colourless diluents Relative to the absorption at the 
maximum, the absorption of the technical sample is obviously higher than 
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that of the puie dye at high and low wave-lengths outside the mam band, 
and at wave-lengths in the neighbourhood of 620 m/A wuthin the band. 
This IS due to the presence of coloured iinpunties in the technical dye so 
that a strict companson of results obtained wuth the technical and pure 
materials is not possible even if the colourless diluents m the commercial 
dye could be regarded as exeiting no influence on its absorption by cotton. 
4. Caledon Red BN. 

The matenal used m all experiments with this dye was obtained by 
three successive crystallizations from nitrobenzene of a techmcal sample 
descnbed as Caledon Red BN, 900 powder. The first two crystallizations 
were from 80 volumes of boiling nitrobenzene, the last from 200 volumes of 
nitrobenzene at 150° C , and the over-all yield of crystals was 64 per cent. 
The spectral absorption curve of the three-times recrystallized dye, called 
punfied Caledon Red BN in this paper, is shown m Fig 27 as a plot of 
specific extinction coefflcient <• against wave-length The corresponding 
data are given in Table XXVI, and were obtained for a solution of the dye 
in pyridine of concentration 30 mg /I 

The curve is characterized by a principal absorption band with 
maximum at X 503, e 17 7 ^ a mmimum at A 435, €65, and a secondary 
band with maximum at A 390, p 13 2 The specific extinction coefficients, 
at the principal maximum and the minimum, of pyridine solutions of the 
crude dye and of the products obtained m its first, second and third 
crystallization from nitrobenzene are given in Table XXVII These data 
show that the third ciystallization produced no significant changes in the 
values 

Table XXVI 


Absorption Spectrum in Pyridine of Purified Caledon Red BN. 

A = Wave-length, m/A, £ = Specific extinction coefiicient=Optical density/ 

Concentration, g per 1 at concentration SOnig /I 


A 

e 

A 

£ 


e 

A 

£ 

380 

116 

450 

7 75 

510 

17 2 

570 

3 46 

390 

13 2 

460 

99 

520 

15 8 

780 

2 05 

400 

12 6 

470 

12 6 

530 

13 4 

590 

1 16 

410 

12 1 

480 

14 9 

540 

10 7 

600 

0 7 

420 

8 05 

490 

16 8 

550 

7 9 

620 

'0 3 

430 

6 7 

500 

17 6 

560 

53 

640 

0 1 

440 

6 6 1 

503 

17 7 






Table XXVII 

Specific Extinction Coefficients at 503 m/A and 435 m/x of Products obtained 
by successive Recrystallizations of technical Caledon Red BN, 900 powder 


Plater] al 

Extinction, coefficient 


603 m/t 

436 m/t 

Technical dye 

15 3 

74 

Do recrystallized once 

17 1 

64 

Do do twice 

17 6 

64 

Do do three times 

17 7 

65 


In work incidental to this investigation the absorption spectrum of 
punfied Caledon Red BN was measured, not only in pyndine solution, but 
also m concentrated (94 per cent) sulphunc acid solution, and in a solvent 
composed of 30 volumes of concentrated sulphuric acid with 70 volumes of 
glaaal acehc acid The spectrum of the leuco-dye (vat) was also measured 
in solutions for which the concentration of sodium hydroxide vaned from 
0*05 to o 5M, of sodium hydrosulphite from o-01 to 0 im, and of sodium 
sulphate from o to 0 The spectrum of a vat buffered at pHg bv the 
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addition of bone acid in appropriate quantity to a caustic vat was measured, 
as well as that of a vat made acid by the addition of acetic acid in slight 
excess of the sodium hydroxide present in a normal vat. In all these cases 
measurements were made on freshly prepared solutions of such a concentra¬ 
tion in dye that the maximum optical density was near to 0*5 in a cell 
I cm. thick All the solutions, whether of oxidized or reduced dye, gave 
spectral curves characterized by a principal, symmetrical and fairly sharp, 
absorption band. Some of the data obtained from these ounces are collected 
m Table XXVIII. 


Table XXVIII 

Spectral Data for various Solutions of Purified Caledon Red BN. 
A = Wave-length, m/x, £= 5 = Specific extinction coefficient 



1 Band maximum 

Band width at 

Solution 

A 

e 

half height, m/^ 

Oxidized form 




in Pyridine 

503 

17 7 

89 

„ 94% HaSO^ 

460 

32 1 

114 

„ 30 vol HaSO^ (04%) 70 vol 




Acetic Acid) 

430 

34 2 

90 

Reduced form 




Vat, NaOH 0 05-0 5m, NagSoO^ 



1 

OOl-OlM, NaoSQi 0-0 4m 

626 

42 8 1 

135 

Vat, pm 

460 

42 0 

100 

Vat, acid 

430 ! 

27‘7 ; 

115 


For solutions of Caledon Red BN in concentrated sulphuric acid, and 
in the mixture of concentrated sulphunc and anhydrous acetic acids, the 
bands are sharper, the maximum extinction coefhcienls much higher and at 
shorter wave-lengths, than for solutions in pyridine The general pro¬ 
cedure used for the preparation of vats in this investigation involved dis¬ 
solving the crystalline dye in concentrated sulphuric and reprecipitating it 
with water It seemed desirable to establish the absence of any senous 
decomposition of the aendone on treatment with concentrated sulphunc 
acid, and it was pnmarily for this purpose that the spectrum of Caledon 
Red BN in sulphunc acid was examined The optical density of the 
solution at the maximum in the absorption band was measured repeatedly 
at intervals over a period of several hours following the preparation of the 
solution It was observed to fall linearly with time at the approximate rate 
of 0 5 per cent per hour. Since, dunng the procedure outlined for the 
preparation of the vat, the dye is in contact with concentrated sulphunc 
acid only for about 15 minutes, it was felt that no serious decomposition 
could occur under the conditions employed. 

Spectral measurements on solutions of the ieuco-dye weie made 
pnmanly with tlie object of examining the stability of the vat Variations 
in the concentration of sodium hydroxide, sodium hydrosulphite and 
sodium sulphate within the wide limits given in Table XXVIII weie with¬ 
out influence on the spectrum of the vat; these measurements were all made 
on solutions containing 12 *5 mg. Caledon Red BN per litre A reduction 
in pH of the vat to a value of 9 caused a shift in principal absorption band 
in the direction of shorter wave-lengths A still greater shift m the same 
direction occurred when the vat was made slightly acid, and was then 
accompanied by a large fall in extmetion coefficient, measurements made on 
the acid vat w^ere not very accurate on account of a gradual clouding of the 
solution caused by decomposition of the hydrosulphite. The change m the 
spectrum of the vat caused by a decrease in its pH was no doubt due to the 
formation of less highly ionized forms of the leuco-dye (anthrahydro- 
quinone). 
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The bluish-red Caledon Red BN vats containing high concentrations of ^ 
sodium hydroxide become more orange in colour when stored for some 
time, and this effect is still more pronounced when the concentration of 
hydrosulphite is also high. The wave-length of maximum absorption falls 
from 525 m/jL to 480 m/x and the specific extmction coefficient from 42 7 to 
39. The process responsible for this change has been called the ageing 
of the vat. It occurs when the vat is preserved under an atmosphere of 
pure nitrogen, and its effects on the spectrum is not unlike that produced 
by a fall in pH (Table XXVIII), though no change in pH occurs during 
ageing The ageing of a vat o*5M in sodium hydroxide, o-iM in sodium 
hydrosulphite, contaimng 60 mg. Caledon Red BN per 1 ., and stored under 
mtrogen, was complete in about four days at 23® C.; it obeyed the mono- 
molecular rate-law within the expenmental errors. The spectral curves 
obtained after vanous shorter times of storage possessed a common point of 
intersection (isobestic point) at A 490 m/x, e 37-7, so that at intermediate 
times the solutions contained a simple mixture of an mitial and end product 
There was no significant change after one day's storage at 25® C in the 
spectrum of a vat 0 05M in sodium hydroxide and o oiM m sodium 
hydrosulphite, these being the concentrations generally present in the dye 
solutions used in this investigation, extrapolation fiom results obtained at 
higher concentrations of alkali and hydrosulphite suggest that the rate of 
change under these conditions would be about i per cent, per day 

When fully aged vats were completely oxidized with air the initial 
amount of Caledon Red BN was recovered quantitatively, and the spectrum 
of the recovered dye in pyridine solution was unchanged, but the colour 
change occurring m the agemg vat—-from bluish-red to orange—was not 
reversed by slow oxidation with aii. The ageing'process is not simply an 
effect of electrolytes, and is not produced by high concentrations of sodium 
sulphate. It may be due to a reduction of the dye beyond the normal 
stage, but there is no evidence on this point 

Cotton absorbed less dye from an aged, than from a normal, vat, and 
when measurements of dye absorption are to be made vats cannot safely 
be kept more than a day or two even when the concentrations of sodium 
hydroxide and hydrosulphite are as low as 0'05M and o^oiM respectively, 
at higher concentrations senous changes may occur in a day. 


5. Other Detail 


A soft-twisted, two-fold, cotton hosiery yarn, made from Egyptian 
cotton spun and doubled to a count of 40s/2, was used in most of the work. 
It had been scoured by boiling for several hours with i per cent, sodium 
hydroxide solution at an excess pressure of 20 to 30 Ib /sq in , and had 
then been washed successively with water, dilute acid and water The 
yam was air-dned and conditioned at 60 per cent, relative humidity over 
a 74 per cent glycerol solution 


In one senes of experiments (Table VI) a companson was made between 
the absorotions of dye by a number of yams made from different growths of 
cotton. Th^e yarns were all of the same construcbon as that given above, 
and had all been scoured m a similar wa3^ In another senes of expert- 
ments made for a special purpose (Tables XX, XXI) the absorbent a 
scoured viscose rayon yarn, roo denier with too filaments 

absorption measurements, 
were made with a photo-electnc spectrophotometer deigned and made in 
th«e laboratories The absoiption ceUs were i cm. thilk tSse used for 
solufaons that could not be exposed for long to the air (vats and solutions 
SaK^stoSS*^ sulphuric aad) being cylmdncal and closed with ground 
n the whole apparatus was decked 

frequently. Redox potentials were measured m potenbometnc titrations of 
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- the vats against a standard oxidizing solution substantially as described by 
Geake and Lemon ^ 

SUMMARY 

The paper describes an expenmental study of the equilibnuin absorp¬ 
tion by scoured cotton of Caledon Jade Green (16 17-dimethoxydibenzan- 
throne) and of Caledon Red BN (i 2-anthraqumone-naphthacndone) from 
alkaline solutions of their leuco-compounds (vats) Some results are also 
given on the rate of absorption of the leuco-dyes by cotton from their 
vats The chief variables considered are the concentrations of dye and 
of neutral electrolyte in solutions of constant concentration in sodium 
hydroxide. The effect of pyndine in diminishing the absorption of the 
dyes by cellulose is correlated with its effect in raising the redox potential 
of the system formed by the solution of the leuco-dye m eqmlibnum with 
the solid oxidized form The rate of dyeing, and possibly the eqmlibnum 
absorption, are shown to be dimmished if, before dyeing, the cotton is 
soaked m water or dilute aqueous solutions, and not dned pnor to dyeing 
soaked in water or dilute aqueous solutions, and not dried prior to dyeing 
The special apparatus and technique designed to give maximum accuracy 
m the measurements are described, and a number of data on the spectral 
absorptions of solutions of the punfied dyes in vanous solvents are 
recorded. 
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INTRODUCTION AND SUMMARY 

Materials m general behave in a very complex manner when subjected 
to mechanical actions, which may occur in the various stages of manufacture, 
in experimental tests, and in practical use To unravel the complexities 
various attempts have been made on two distinct scales, a macroscopic one in 
which the materials appear as continuous media, and a microscopic one in 
which the apparent continuity of the materials is resolved into a discontinuity 
with a more or less coarse gram according to the crystalline, colloidal, mole¬ 
cular and atomic structure For these attempts the classical theory of 
mechanics developed a mathematical formalism which has been greatly sim¬ 
plified by the introduction of a mechanical model, which is referred to as a' 
Irelhs, since it behaves like the well-known type of collapsible garden trellis, 
consisting of two intersecting senes of parallel rigid rods, pinpointed 
to one another where they cross, and capable of extending and contracting in 
certain directions without a change in the length or the form of the rods * 

In the present paper a comprehensive scheme is developed m which the 
classical theory and the theory of the trellis model are united to account for 
the behaviour of matenals under mechanical actions. The scheme starts by 
considering an tdeal medium, defined as a three-dimensional continuity of 
individually recognisable material points, or mass-points for short, and 
assumes that the freedom of movement of the ideal medium is restricted so 
that from all conceivable movements only those can occur which are in agree¬ 
ment with the fundamental laws of the classical theories of the mechanics of 
continuous media, that is with the law of preservation of continuity, the law 
oi a dvttamtcal equilibrium of the forces, and the law expressed as an equation 
of state which relates the stresses and strains and their time derivatives at any 
point in the material According to Lagrange it is possible to visualise all 
restrictions to the freedom of movement as forces of restraint which act 
between otherwise freely movable mass-points, and when these Lagrange 
forces of restraint are calculated for the various laws of the classical theory 
it is found that they can be incorporated in a trellis mechanism which guides 
the mass-points along the movements allowed by the laws, and prevents the 
mass-points from executing movements along any other way Thus the 

* A trellis of this kind was already used in an earlier investigation, see K Weissenber^, 
'* La M 4 chanique des Corps D^fonnables," Arch d Set ei Nat, 1935, 5^^ For, Vol 17 
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theory m a trellis mechanism is developed m which the trellis becomes a 
model for the ideal medium The combined theories of the classical mechanics 
and of the trellis model are then applied to any given real material by inter¬ 
vention of statihtical considerations in which the coordinates and forces of 
the ideal medium are defined as appropriate statistical means of the coordin¬ 
ates and forces of the mass-points of the real matenal 

In the theory of the trellis model one may consider hrst a hypothetical 
continuum of freely movable mass-points, and divide it into cells by mutually 
intersecting curves and surfaces, the division being chosen sufficiently fine to 
give differential cells, that is cells of infinitesimally small dimensions Each 
differential cell, however small, will still contain an infinitely large number, 
N say, of individual mass-points, and will accordingly have an infinitely large 
number, ^N, of degrees of freedom in an arbitrary change from some initial 
to some terminal position. Subjecting, then, the continuum to the laws of the 
classical theory one obtains an ideal medium in which the freedom of move¬ 
ment IS restramed The first of the classical laws, dealing with the preserva¬ 
tion of continuity, postulates that in an arbitrary change from an initial to a 
teimmal position the medium suffers a strain such that for the continuum of 
mass-points the three components of the displacement vector are continuous 
and regular functions of the space coordinates of the mass-points When 
the medium is again arbitranly divided into cells it follows from the continuity 
and regularity of the functions that by making the cell division finer and finer 
one reaches a stage in which each cell demarks a region of homogeneous 
strain, that is a region m which the functions approach to linear forms of the 
coordinates with any desired degree of accuracy The regions of homogeneous 
btrain may contain one or more differential cells but, however large or small 
they are, they can have only twelve degrees of freedom of movement m 
accordance with the twelve constants which specify a general linear tians- 
formation of coordinates The law of preseivation of continuity therefoie 
imposes a restraint on the mass-points m every differential cell such that from 
the infinitely large number, of degrees of freedom only twelve are 
allowed while 3iV“i2 are forbidden, and the law is thus equivalent to the 
assumption of Lagrange forces of restraint, which resist infinitely strongly a 
movement along a forbidden degree of freedom, and offer zero icsisiance again 
at a movement along an allowed degree To find explicitly the allowed and 
forbidden degrees of freedom, and the Lagrange forces of restraint associated 
with them, it is necessary to recall the mvanants implied by the law since the 
allowed degrees of freedom will correspond to movements m which the 
invariants are maintained while the forbidden ones will correspond to move¬ 
ments in which the invariants would change It will be remembered from 
the classical theory that the law implies amongst others, two invariantsf 
One of these is of a universal character and expressed in the form that— 
according to the law—any two intersecting curves or surfaces imprinted in the 
niedium cannot glide over one another but maintain all points of intersec¬ 
tion intact and invariant throughout all changes in position as if the curves and 
surfaces were pinpointed to one another where they cross The other invariant 
is of a more specific character and must be expressed separately for each 
region ot homogeneous strain, and for each ordered pair of initial and leiminal 
positions Within a region of homogeneous strain the translation from an 
initial to a terminal position involves changes in length which are so distii- 
buted over the full solid angle of directions that at every mass-point a ceilain 
surface of second degree, termed strain ellipsoid, changes its form from a 
sphere m the initial position to an ellipsoid in the terminal position, while 

* A continuous and regular function will here be understood as a continuous function 
which IS univalued, has a univalued inverse, and has continuous derivatives at least up 
to the second order 

t See for instance, W J Ibbetson, “ Mathematical Theory of Elasticity,'' pp 23 and 
31 * G I Taylor was the first to use the cone of zero elongation m an analysis of three- 
dimensional strains produced in the plastic flow of single crystals 



of Homogeneous Materials — We%ssenbe>g 

another surface of second degree, termed rectprocal strain ellipsoid, changes 
its form conversely from an ellipsoid into a unit sphere. Both the strain 
ellipsoid and the reciprocal strain ellipsoid are centred on the same mass- 
point and determine by their common centre and by their lines of intersection 
in either position, a conical surface of second degree, termed cone of zero 
elongation The generating lines of the cone, termed lines of zero elongations 
-ire invariants m the sense that they can change only in orientation but have 
the same length, the same straight linear form, and the same points of intei- 
'^ectlon both m the initial and terminal position. In the interior of a region 
of homogeneous strain the lines of zerp elongation have the same directions 
at all mass-points, but the directions change in general when one proceeds 
from one such region to another Taking, then, each region of homogeneous 
strain in turn, and constructing there the lines of zero elongation, one may 
arbitrarily select m each region three such lines (not coplanar) and impnnt 
throughout the whole medium a pattern of three mutually intersecting families 
ot lines of zero elongation, respectively parallel to the three chosen lines, 
and drawn sufficiently close so that each region is subdivided into a large 
number of differential cells of infinitesimally small dimensions. All the lines 
m the pattern are in each region of homogeneous strain invariants with regard 
to length, straight linear form and points of intersection, and this invariance 
permits a separation of the degrees of freedom into allowed and forbidden 
ones, and an explicit determination of the Lagrange forces of restraint’ 
involved The degrees of freedom, allowed by the law, and accordingly 
resisted by zero forces of restraint, correspond to movements in which the 
lines of the pattern change only their orientations in space, while the degrees 
of freedom forbidden by the law, and accordingly resisted by infinitely strong 
forces of restraint, correspond to movements m which the lines of the pattern 
contained in any one region of homogeneous strain change their length, their 
straight linear form, or their points of intersection All these forces of restraint 
can be incorporated into a mechanism which is deduced from the pattern by 
replacing separately in each region of homogeneous strain the lines of the 
^ pattern straight rigid rods, and the points of intersection by pinpointed 
universal pivots The rigidity of the rods, that is the inextensibility and 
inflexibility, and the pinpointing of the universal pivots provide the required 
Lagrange forces of restraint along and across the lines of zero elongation in 
the pattern, by offering no resistance to the allowed changes m the orienta¬ 
tions of the lines, but linking the mass-points unyieldingly to one another 
along each line, and at a point of intersection from line to line, such as to 
offer infinitely strong resistance against the forbidden changes in the length 
and form of the lines, and in the points of intersection between the lines. 
The mechanism which is a pinpointed framework of the type of a three dimen¬ 
sional collapsible trellis—^has the correct number of allowed degrees of free¬ 
dom, namely twelve for each region of homogeneous strain, and provides 
along these degrees an exact model for the changes from an initial to a 
terminal position of a continuum of mass-ponts which is restrained only by 
the law of preservation of continuity (see Figs. 1-4 where the mechanism is 
illustrated for the two-dimensional case ) As the strain changes from one 
homogeneous region to another the law of preservation of continuity intro¬ 
duces for such changes additional restrictionswhich can also be incor¬ 
porated m the trellis model as discussed m chapter B (2) with reference to 
two-dimensional complex boundary conditions (see Figs 5 to 7) Accord¬ 
ing to the classical theory the continuum of mass-points is subjected to fur¬ 
ther restraints, according to the law of a dynamical equilibrium of forces, 
and to the law expressed by an equation of state To satisfy these additional 
laws the framework of the trellis can be equipped with further Lagrange 
forces of restraint m the form of appropriate dispositions* of masses, and 

* These restrictions—usually referred to as the conditions of compatihihtv —are 
formulated m the classical textbooks only for infinitesimally small strains 
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elastic and frictional resistances (springs and dashpots say), and thus made 
into a mechanical device which can serve as a model of an ideal medium 
subjected to the classical laws of mechanics 

The trellis model discussed above for ideal media may be applied to real 
materials according to a method specially developed for the purpose When 
observations are made on a given real material, it is found that the values of 
the coordinates and forces observed on individual particles of the material 
deviate to a greater or lesser extent from the theoretical values, that is from 
the values calculated from the laws of mechanics assumed man ideal medium. 
Proceeding, then, from the ,aiues observed on individual particles to mean 
values, associated with appropriately chosen regions m the mateiial, it is 
found that the deviations between these mean values and the theoretical 
values can be made as small as desired In this way an ideal medium can 
be fitted as closely as may be to any given material The method of fitting 
may be explained with respect to some practical examples Considei first 
plane sheets of materials in which the structural elements form a loosely inter¬ 
connected aggregate, as for instance in a flat sliver of cotton Under the 
action of a pull any pattern of lines or curves drawn on the sliver in the 
initial position will disintegrate into a pattern of irregular bands in the 
terminal position, and this makes it necessarv to choose, for the formation of 
mean values, regions with linear dimensions very large compared with those 
* of the structural elements and those of the displacements caused by the pull 
The fit here will be only a statistical one as there is a considerable diflerenco 
between the behaviour of individual particles and the mean beliav loui of 
the chosen regions that corresponds to the behaviour of the kLmI medium 
Consider, on the other hand, plane .sheets of materials in which a firmh'' inter¬ 
connected and apparently continuous aggregate is formed, as in shcet'^ oi 
rubber. Cellophane, polyvinyl chloride etc Heic any pattern of lines oi 
curves drawn on the sheet m the initial position, will change under the action 
of a simple pull, to a pattern m the terminal pc^sition m such a way that 
apparently, i e from a macroscopic point of view, eveiy straight line remains 
a straight line, everv^ curve of second degree remains a curve of second degree 
and so on, and evTry pair of mteisecting lines and curves retain their point of 
intersection intact Accordingly, it is possible here to choo‘-e the icgions lor 
the formation of mean values so small that from a macroscopic point of view 
the formation of mean values can be omitted The fit of the ideal medium to 
the real material approaches here perfection, any individuallv marked particle 
in the real material corresponding directly to an individual mass-point 
in the ideal medium Finally, consider plane sheets of materials of the type 
of woven or knitted fabrics When one observes here under the action of 
simple pulls the changes in patterns of markings one finds that the regions 
required for the formation of mean values are small and correspond to the 
cells of the periodic repeat of the structure A more detailed investigation 
reveals the experimental facts that the structure of the fabrics is imiformly 
periodic before and after the application of a simple pull, and that the threads 
do not slip over one another where they cross Hence, from a macroscopic 
point of view it is possible to fit to every woven or knitted fabric an ideal 
medium directly, i e without the need of formation of mean values, if the 
fabric is represented by two intersecting series of parallel straight lines drawn 
in the plane of the fabric along the yarn directions The points of intersection 
of these lines are referred to as the nodal points 

There are many advantages in using the theory of the trellis model as a 
supplement to the classical theory, as will be seen from the considerations 
given below. 

First,^ the trellis model, by virtue of its two prominent characteristics, 
the pinpointing and the existence of lines of zero elongation, draws attention 
to certain structural features of the materials, visible or sub-microscopic. For 
materials which have a visible structure, such as woven and knitted textiles 
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attention has been drawn to the pinpointing of the threads at their nodal 
points persisting over a wide range of stress and strain, and to the strong’ 
binding between these points by the threads, which often brings the direc¬ 
tions of the threads near to those of the lines of zero elongation These features 
possess considerable practical and theoretical interest. The pinpointing of 
the threads not only makes for an even distribution of stress and strain over 
wide areas, and so increases the resistance of the fabric to external forces, but 
it also prevents the threads from a destructive rubbing against each other. 
The existence, in addition, of lines of zero elongation (approximately along 
the threads) allows of the choice of the best directions for sbtched or taped 
seams and of the alignment of the material to give maximum rigidity in 
prescribed directions For materials which have a submicroscopic structure, 
such as crystals, these features are also of interest For elastic deformations, 
for instance involving only infinitesimally small strains, we may in fact regard 
che textile fabrics as two-dimensional models of crystals, the nodal points 
representing the molecules or ions, the threads the strongest bonds which link 
the molecules or ions to one another The directions of the strongest inter- 
molecular or inter-ionic bonds will then be found to approximate to those 
of the Imes of zero elongation within a wide range of stresses and strains * 

Secondly, the trelhs model can actually be constructed (from Meccano, 
say) and then employed as a simple mechanical device whereby one can 
deduce and predict, without calculation, the performance of materials under 
various mechanical actions, such as imposed stresses and strains, and 
boundary conditions Such an application of the model is particularly useful, 

' as some phenomena of great generality can even be predicted from the mere 
geometry of the framework of the model, irrespective of the masses and 
elastic and frictional forces involved Consider, for instance, the behaviour 
of textile fabrics and other materials m the form of plain sheets The corres¬ 
ponding trellis model will have a plane two-dimensional framework of 
parallelogrammatic cells, constructed by taking two intersecting senes of 
parallel rigid rods and connecting them at their crossing points by pinpointed 
pivots, round which the two series of rods can rotate relative to one another 
The model may be made from Meccano strips and may be completed by 
addmg to the framework any arbitrarily chosen disposition of masses, and 
of elastic and / or frictional resistances Let this model first be laid out in some 
initial position where it is in its natural state, that is at rest and free from 
externally applied forces Now let a mechanical action be applied to the 
model, and observe the ensuing displacement of the model from its initial 
position to its terminal one, reached at the end of some arbitrarily chosen 
interval ot time In every position durmg the displacement, the framework 
of the model or, more precisely, the two intersecting series of rods, will 
divide the full circle of directions in the plane of the model into four com¬ 
plementary sectors with a pair of mutually perpendicular bisectrices forming 
the axis of the model It can readily be seen that under any mechanical 
action whatever a strain will be produced in which the changes in length are 
so distributed over the full circle of directions that extreme changes occur 
always along the other two bisectrices, the change along one being a maximum 
elongation, and that along the other a maximum contraction (Consider now 
a special case in which the model is subjected in its natural state to the 
application of a simple pull (see Figs 4a to 4d) and compare the results 
obtained on the model with those obtained on a continuous sheet of material. 
It follows from considerations of symmetry that if the material in its natural 
state were isotropic the framework of the trellis model must be so orientated 
as to have m the initial position one bisector in the direction of the pull and 
the other at right angles to it 

* For the plastic deformation of crystals, strains of finite amounts may occur, and 
for these the analogy between textile fabrics and crystals is no longer valid The trellis 
model may still be used but it must be constructed separately for each pair of initial and 
terminal positions 
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The experiment on the model then predicts the characteristic features of 
'the well-known Poisson effect, which are found in experiments made on 
isotropic sheets of matenal, such as sheets of rubber, Cellophane, polyvinyl 
chlonde, etc , with an extreme elongation occurring along the direction of 
the pull, and an extreme contraction at right angles to it If, on the 
other hand, the material in its natural state were anisotropic, the orientation 
of the frahiework of the trellis to the direction of the pull would vary with the 
direction of the puU in the material For an arbitrarily chosen direction of 
pull, the framework in the initial position will be so orientated that the 
direction of the pull is m general inclined at a finite angle to both bisectrices. 
The experiments made on the model will here predict a modified Poisson 
effect with maximum elongations and contractions occurring not parallel and 
perpendicular to the direction of the pull but along the bisectrices, and in 
addition there will be a rotation of the directions of maximum elongation and 
contraction, which brings, in the terminal position, the direction of maximum 
elongation nearer to that of the pull This motion gives the impression that 
the matenal is taking an evadvng action'', by rotating round and having 
its maximum extension in a direction different from that of the pull Experi¬ 
ments were made on anisotropic sheets of materials, such as sheets of leather 
and of woven and knitted textile fabrics, and these experiments have con¬ 
firmed, m a rather striking manner, the various predictions based on the 
trellis model, such as the modified Poisson effect and evading action Still 
more impressive is the use of the trellis model under mechanical actions with 
complex boundary conditions For such actions and conditions it is possible 
to obtain for materials in the form of plane sheets, and in particular for 
woven fabrics, a first-order approximation to the strain distribution in the 
sheet by performing a model experiment on a suitably constructed trellis 
(see Figs, i—8) 

Finally, the trellis model leads to the development of new types of stretch¬ 
ing device which allow the imposition, on a plane sheet of material, of 
homogeneous states of strains and / or stresses, ^ arbitrarily selected within 
certain limits, as are required m the testing of materials, as well as in many 
industnal processes 

The commonly available stretching devices are rarely suited to this pur¬ 
pose, as they generally induce a heterogeneity of stresses and strains such as 
IS shown m tensile testmg by the waistmg and/or buckling, of the specimen 
Suppose, for instance, the problem is to impose on a rectangular sheet of 
material a homogeneous state of strain, defined by a given lengthwise 
extension and a given widthwise contraction In the ordinarily available 
stretching frames the sheet would be gripped along the edges of the rectangle, 
and here the intended state of strain could not be produced homogeneously 
by a movement of the grips, since the portions of the sheet in the vicinity 
of the edges are restrained from extending or contracting by the rigidity of 
the gnps while the more distant parts of the sheet are almost free from 
restraint By contrast, the theory of the trellis model allows us to impose 
homogeneously the intended strain by gripping the specimen in the initial 
position along the lines of zero elongation, predetermined for this position 
by the intended strain, and moving these grips m a lazy-longsmotion 
which conforms to the change in orientation of the lines of zero elongation 
from the initial to the terminal position The grips can conveniently be 
linked by pmpomted joints in a parallelogram framework which would per¬ 
form the required “ lazy-tongsmotion and thus constitute a suitable 
stretching device If it were desired to impose homogeneously a given state 
of stress, a similarly constructed stretching device could be used, but the 
procedure would be somewhat more complicated It would here be necessary 
to determine, by preliminary^ experiments on the material, the corresponding 
state of strain for the given state of stress, and then impose the strain by 
means of the stretching device in the manner described above Where the 
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intended stress is a simple pull lengthwise of the rectangular specimen of the 
material, simplified forms of the stretching device may be used 

A. THEORY OF THE TRELLIS MODEL 

In the Mechanics of Continuous Media, the classical procedure deals firsts 
in the Theory of Strain, with the Kinematics, then, in the Theory of Stress, 
with the Dynamical Equilibrium, and finally, m the Theory of the Mechanical 
Properties of the Media, with the Relationship between the Stresses and 
Strains Each of these theones is based on certain assumptions, the theory 
of strain on the assumption that the postulate of preservation of continuity 
IS valid, the theory of stress on the assumphon that Newton's laws of inertia 
apply, and the theory of the mechanical properties of the media on the 
assumption of the existence of some relationship between the strains and 
stresses and their partial derivatives in space and time All these assumptions 
together determine completely the behaviour of the medium under any given 
mechanical action, and we may in fact derive from them an explicit des- 
cnption of the behaviour by formulating the assumptions as differential 
equations, and integrating these over space and time for the boundary con¬ 
ditions imposed on the medium by the given mechanical action. We shaE 
follow the classical procedure in our exposition of the theory of the trelhs 
model In the first section, dealing with the theory of strain, we construct 
a mechanical model—the trelhs model—the kinematics of which conform to 
that of a medium for which the postulate of preservation of continuity holds 
good In the second section, dealing with the theory of stress, the trelhs 
model is fitted out with a mass distribution such that the Dynamical 
Equilibrium of the model conforms to that of a medium for which Newton's 
laws of inertia are valid Finally, in the third section, dealing with the 
theory of the relationship between the stresses and strains, the trelhs model 
IS adapted to the mechanical properties of the medium by equipping the 
model with appropnately chosen elastic and / or frictional forces of restraint, 
represented, say, by springs and dashpots 
(1) Theory of Strain 

The classical theory associates with every displacement from an initial to 
a terminal position some state of strain, and we shall use here the word strain 
m a generalised sense to indicate any displacement of the medium from one 
position to another, irrespective of whether or not changes in length are 
involved The postulate of the maintenance of continuity will restrict the 
possible displacements, and consequently the possible states of strain, by 
requinng that, for every mass-point the vector of the displacement and its 
space derivatives (at least up to the second order) should be continuous 
functions of the space coordinates of the mass-points of the continuum The 
state of strain compatible with the postulate will, in general, vary from mass- 
point to mass-point, and will be specified separately at each point by the 
local strain at that point 

If in some region the displacement vector is a linear function of the space 
coordinates, the state of strain is said to be homogeneous throughout that 
region In general the function may not be linear and the state of strain will 
then be termed heterogeneous 

Owing to the maintenance of continuity, the displacement vector can be 
developed in the infinitesimal neighbourhood of each mass-point into a power 
senes of the coordinate differentials and, neglecting terms of second and 
higher degree against the linear terms, we shall regard the displacement 
vector as a linear function of the coordinates, and accordingly specify by 
this linear function the local strain at the mass-point. Thus the local strain 
will always be a homogeneous one within an infinitesimal region 

We can deduce from the postulate of the maintenance of continuity various 
mechanical models The most general such model is found as follows. In 
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the initial position we choose arbitrarily three mutually intersecting families 
of curves and consider what happens to them in a displacement of the medium 
from the initial to a terminal position. It follows from the maintenance of 
continuity that throughout the displacement all points of intersection are 
maintained as if the families of curves were pinpointed to one another at all 
points of mtersection, *while at the same time changes in orientation, length 
and form may occur in the elements of the curves which he between two 
consecutive pomts of intersection The general model so deduced consists 
of a scaffolding of three mutually intersecting families of curvilinear threads 
which are pmpointed to one another at their points of intersection, and 
which are so pliable and extensible that the elements of the threads between 
two consecutive pmpoints change their onentation, form, and length in accor¬ 
dance with the requirements of the state of strain produced by the displace¬ 
ment from the initial to the terminal position This scaffolding model may 
conveniently be used for problems more general than those dealt with here. 

In the present paper we shall restrict ourselves to a more special model,' 
termed the trellis model, which we obtain as follows We deduce from the 
postulate of maintenance of continuity that the medium suffers at every mass- 
point a local strain, which corresponds to a vector of displacement that 
changes only linearly in the neighbourhood of the mass-point, provided the 
neigbourhood is chosen sufficiently small to neglect terms of second degree 
against linear terms. 

Hence, passing from an initial to a terminal position, all infinitesimal 
curves and surfaces will preserve their degree as an invanant, so that 
mfinitesimal straight lines and planes will remain straight lines and planes 
while inhnitesimal curves and surfaces of second degree will remain of second 
degree, etc In particular we find that there will be at every mass-point, 
fixed in the medium, two infinitesimal surfaces of second degree, termed the 
local strain ellipsoid and the local reciprocal strain ellipsoid, which are both 
centred on the mass-point and change their form, respectively, from a sphere 
in the initial position to an ellipsoid in the terminal position, and conversely 
from an ellipsoid m the initial position to a sphere in the terminal position. 
The local strain at the mass-point is completely determined by the two 
complementary aspects which are provided by the forms of the local strain 
ellipsoid and reciprocal strain ellipsoid m the initial and terminal position. 

In each position, the strain ellipsoid and the reciprocal strain ellipsoid 
define by their common centre and their line of intersection, a conical surface, 
fixed in the medium, and termed the cone of zero elongation, along the 
generating lines of which the infinitesimal elements radiating from the central 
mass-point suffer zero changes in length between the initial and terminal 
position There are thus in each position, centred on the same mass-point, three 
surfaces of second degree, the reciprocal strain ellipsoid, the strain ellipsoid 
and the cone of zero elongation These three surfaces have in common one 
triple of mutually perpendicular axes, fixed in the medium and aligned along 
directions m which the infinitesimal elements radiating from the centre suffer 
extreme changes in length We define for the local strain in either position 
three mam axes which coincide m directions with the common axes of the 
three surfaces, and which have numerical values, termed main values, 
identical with the ratios of the termmal length to the initial length taken 
along the directions of the mam axes 

Based on the above conceptions we can now elaborate the general 
scaffolding model We choose the three families of curves sufficiently close 

* Consider, m the initial position, various senes of mass-points infinitely near to one 
another and abgned respectively along individual curves or surfaces in the neighbourhood 
of a point of mtersection Throughout the displacement from the initial to the terminal 
position the point of mtersection will be preserved intact, since a gliding over one another 
of the intersecting curves or surfaces would destroy the continuity, by separating in the 
terminal position, by finite amounts, the senes of mass-points aligned along one curve 
or surface, from the senes aligned on another 
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so that the infirutesimal parts between any two consecutive pinpoints can 
be approximated to by mfimtesimal straightImes, in addition we provide that 
at every pinpoint the three curves passing through it have tangents which lie 
along the cone of zero elongation at the pinpomt The model so constructed 
IS termed a trelhs*, since in every element of volume it can expand and 
contract only trellis-like by changing the relative orientations of its infinitesi¬ 
mal members between consecutive pinpoints while maintaining unchanged from 
the initial to the terminal position the points of mtersection and the length 
and form of each infinitesimal member At every pinpoint we shall attnbute 
to the trellis three main axes, which, by definition, are identical with those 
of the cone of zero elongation, and thus are co-axial with those of the local 
strain at that point The intoitesimal members of the trelhs between two 
consecutive pinpoints behave as if they were ngid rods, unbendable and 
inextensible The spacings between the trelhs lines do not affect the move¬ 
ment of the model so that we are at liberty to choose arbitrarily in each family 
any density, or density distribution of trelhs lines For simplicity, we shall 
choose the density constant of the same value in all the families so that the 
trelhs is made up of infinitesimal cells each of which approximates to a 
rhombohedron 

Considerable simplifications anse in the two-dimensional case which is 
illustrated in Figs i and 2 Here the displacements of the mass-points are 
limited to those that are parallel to one plane and we restrict ourselves to 
the investigation of'that plane In the general case of a heterogeneous state 
of strain we have to consider separately for each individual mass-point in the 
plane its infinitesimal neighbourhood, and define there the intersections with 
the plane of the three local surfaces of second degree and their common axes 
respectively as three local curves of second degree, termed the strain ellipse, 
the reciprocal strain ellipse, the pair of lines of zero elongation, and their 
common axes In the special case of a homogeneous state of strain, the 
consideration for any one mass-point is exactly the same as above, only here 
the same local surfaces and axes will apply for every mass-point m the region 
of homogeneity Figs la and ib refer, respectively, to the initial and terminal 
positions and show the local strain at a mass-point The intersections with 
the plane of the three local surfaces, and their common axes appear here as 
curves of second degree, and their axes Proceeding from the mitial to the 
terminal position the local strain ellipse (marked in dotted lines) and the 
local reciprocal strain ellipse (marked m chain lines) are shown to change 
their form respectivelj?^ from a circle to an ellipse, and conversely from an 
ellipse to a circle The local pair of lines of zero elongation (marked in thick 
full lines) which join in either position crosswise through the central mass- 
p6mt, the four points of intersection between the strain ellipse and the 
reciprocal strain ellipse change from one position to another as if they were 
rigid rods pinpointed to one another at the centre where they cross, each such 
rod suffering only a change on orientation but retaining ngidly its length and 
form The mam axes (marked in thin full Imes) form in either position a 
part of mutually perpendicular lines which bisect the two complementary 
angles between the two lines of zero elongation We distmguish the axes of 
the local strain as the maior and minor axis and identify them as the bi¬ 
sectors of the angles which respectively decrease and increase between the 
initial and terminal “positions, the major (minor) axis of the local stram is 

* The trellis model will be a real mechanical model when the cone of zero elongation 
IS real (see preceding footnote) and in this paper all applications will be confined to this 
case When the cone of zero elongation is complex, the trellis model becomes complex 
too and then its construction m real space is not possible However, replacing again the 
geometrical construction by an algebraic procedure, w^e can use the model as a scheme of 
calculation irrespective of whether it be real or complex If in such complex cases a 
mechanical model is required in real space, we can fall back either on the general 
scaffolding model or on an appropriate superposition of three trelhs models working 
simultaneously 
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thus identical with the major (minor) axis of the strain ellipse and with the 
minor (major) axis of the reciprocal strain ellipse. 

In the general case of a heterogeneous state of strain we find a plane trellis 
consisting of two mutually intersecting families of curves which are pinpointed 
where they cross and which are so drawn that their infinitesimal elements 
between two consecutive pinpoints are straight and coincide at each mass- 
point respectively with the two lines of zero elongation In the special case 
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of a homogeneous state of strain, the plane trellis will be a Imear one, and 
such a plane' linear trellis will be an exact replica of the ordinary type of 
garden trellis consisting of two mutually pinpointed families of parallel rigid 
rods Taking any one cell again as a representative for the whole trellis we 
find a model consisting of a pmpointed parallelogrammatic frame of four 
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rigid rods. The maximum elongation and contraction of such a trellis occur 
in the two mutually perpendicular directions which bisect the two supplemen¬ 
tary angles formed by the trellis lines at each pinpoint—these two directions 
in the initial and terminal states being the major and mmor axes of the strain 
If the trellis is constructed from sets of equidistant parallel lines, thus forming 
rhomboidal cellsthe principal axes are the diagonals of these rhombuses. 

The local strain shown m Fig i is represented by a trellis model shown 
in Fig 2 

Four rhombohedral cells of the trellis, surrounding the central mass- 
point, are shown respectively in Fig 2 under (a) and ( 6 ) in the initial and 
terminal positions. They are constructed from the corresponding Figs la and 
ib by making the lines of the rhombohedral cells of equal length and parallel 
to the lines of zero elongation The mam axes of the trellis are shown by those 
diagonals of the rhombohedral cells which pass through the central mass- 
point; these diagonals are of course parallel to the main axes of the curves 
of second degree shown in Fig i 

For all states of strain there is a perfect equivalence between the per¬ 
formance of the trellis model and the production of the state of strain 
according to classical theory In both the classical and the trellis theory, we 
decompose the local strain, or the homogeneous strain in some finite region, 
into a succession of those simple geometrical operations, termed translation, 
rotation and deformation The operations are so defined that the classical 
medium, including the trellis model, passes locally, or within the region of 
homogeneous strain, mto the terminal position by applying these operations 
m ordered succession to the Initial position We find that the translation 
equals the displacement vector of the central mass-point and as a geometrical 
operation transports the medium and the model along it rigidly and parallel 
to itself The rotation turns the medium and the model rigidly round an axis 
through the central mass-point about an angle such as corresponds to the change 
m onentation of the mam axes of the strain from their directions occupied in 
the initial position along the axes of the reciprocal strain ellipsoid to those 
occupied in the terminal position along the axes of the strain ellipsoid 
Finally the deformation stretches the medium and the model in a triad of' 
mutually perpendicular directions along the mam axes of the strain to extents 
that are proportional to the mam values of these axes The order of 
succession in which the three simple, geometrical operations are applied 
matters only m so far as the deformation has to be carried out along the 
direcbons of the mam 'axes in the initial or terminal position according to 
whether the deformation precedes or follows the rotation It may happen 
that m a special state of strain one (or more) of the three simple geometncal 
operations is (are) zero, and we shall speak in particular of an irrotational, or 
pure strain when the rotation of the mam axes is zero 

We can describe m a quantitative way the relationship between the 
classical strain and its trellis model by considering what happens to a vector 
drawn from the central mass-point as origin in an arbitrarily chosen direction 
(for heterogeneous states of strain the vector must be infinitely small whilst 
for homogeneous states of strain it may be of finite length within the region 
of homogeneity) The vector changes from the initial to the terminal position 
with regard to its point of origin, its direction, and its length Both m the 
classical and m the trellis theory we describe these changes in terms of vector 
components taken along directions fixed in the material In the classical 
theory these directions are chosen along the mam axes of the strain and 
here the initial and terminal components differ from one another m their 
points of origin, m their directions, and in their length In the trellis theory 
the directions are chosen along the hnes of zero elongation, and here the 
initial and termmal components differ m their pomt of origin and in their 
directions, but not in length. Equating the resultant changes in the vector 
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from two sets of components we gam the required quantitative relation 
between the classical strain and the model 

We can now develop the geometry of strain according to a plane linear 
trellis by considenng a single rhombohedral cell m the initial and final 
position In Fig 3 we show the initial and terminal positions, respectively, 
under {a] and (6) and adopt a notation such that identical elements in the 
medium bear the same symbol in the two positions respectively with and 
without a subscript zero We have indicated such elements in the two 
positions according to the scheme given below In order to specify the 
orientation of the medium to a fixed direction in space, we have drawn m 
Figs 3a and 3b two parallel lines as lines of reference through the 
central mass-point These two lines of reference and the angles referring, 
respectively, to them m the initial and terminal position are corresponding 
elements which, however, need not be identical in the matenal (1 e. need not 
be made up of the same mass-points) For these elements we adopt a notation 
in which they bear the same symbol in the two positions, respectively, with 
a subscript zero and one Finally, we adopt the convention that angles 
deviating clockwise from the line of reference will be counted positive while 
those deviating anti-clockwise will be counted negative 

The trellis model wiU be fully specified for the central mass-point 
(Mo and M) by giving m the two positions respectively the opening angle 
(2e,i and 2e) and the angle (xo and xO between the major axis of the strain 
and the line of reference fixed in space This angle characterises the 
orientation in space of the model Decomposing the strain into a succession 
of translations, rotations and deformations we can specify the translation 
by a vector v, say, where 

u-MoM (i) 

the rotation corresponding to the change in diiection of the mam axes by an 
angle w, say, where 

• (2) 

and the deformation corresponding to a change in length along the mam 
axes by the ratios, *a and b, say, where 


cos s 
cos e Q 


(3) 


and 6= 

sin Cq 

which gives for the opening angle of the trellis the equations 


tan^€o= 


a^-i 
I -P 


(4) 

(5) 


.( 6 ) 

Similarly, we may specify the arbitrary vector in the two positions by 
giving its length (tq and r) from the origin in the central mass-point 
(Me and M), and the angle (9^0 9?) with the line of reference fixed m 

space According to the classical theory the vector is resolved into com¬ 
ponents taken along the mam axes of the strain, and here each such 
component suffers a translation, rotation and deformation as defined above. 
According to the trellis theory, on the other hand, the vector is resolved 
into components along the lines of zero elongation and each such com¬ 
ponent remains invanant in length and suffers only a translation and 


We deduce by companson of Figs 3a and 3b that a = Considering then the 

tmngles AMB and A(,M()Bo we have MA=:AB cos e and MoAq=AqBu coseQ with 
= AqBq since the sides of the rhombus are lines of zero elongation Continuing these 

results we find a ~ ^ and proceeding similarly w e deduce b ~ 

cos €0 sin £q 
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rotation By compounding in either theory the changes of the component 
we obtain the change in the vector itself. We then find that the vector 
suffers a translation u, say, equal to v, according to 

u^v=M^ . .(7) 

together with a rotation given by the angle {(p^ - 9?o) which is the sum of the 
angle, w, of rotation of the main axes, and the angle of rotation 

resulting from the disproportional changes of the components of the vector 

VIZ • — 

fPl ~ + -(8) 

where * . (9) 

taneo 


and finally a deformation with a change in length, A say, defined as the 
ratio r/fo which is made up of the changes of the components of the vector 
along the main axes, viz — 


= rlu = /(^' cosvY+f^HLlxsmv y 

Vcos fo / vsm ^0 / 


(10) 


which, m consideration of (9) can also be written as 


. ^ sm f sm yp v 

sin sm y * • t ; 

The above discussion lefers only to the state of stram set up in a medium 
by a displacement from an initial to a final position We must now consider 
as well the state of stress , 


(2) Theory of Stress 

In each position of the medium, and irrespective of the strain or motion 
present, the classical theory defines a certain state of stress by the traction 
forces per unit area at every mass-point, and assumes that for every portion 
of the medium a dynamical equilibrium is established m which the state of 
stress, the body forces, and the forces of inertia participate as required by 
Newton's laws of inertia The state of stress so defined will, in general, be 
heterogeneous, that is varying m the medium from mass-point to mass-point, 
and may be specified at each mass-point by the local stress at that point, in a 
special case the state of stress may be homogeneous m some region and then 
the local stresses will be the same for all mass-points in that region Neglect¬ 
ing again in the infinitesimal neighbourhood of a mass-point infinitesimal 
terms of second and higher order against terms of first order we can regard 
the local stress as a homogeneous one in some infinitesimal region If we 
imagine the medium to be divided into two portions by a plane passing 
through a given mass-point, we find the local stress, that is the traction force 


•‘*\Ve deduce from the triangles EqMoAo and JEoMoBo according to the sine law 

A^Eq ^ sin yn 
Bo Mo sm £0 

and SfiSs _ sin (90° —yn) _ cos 
EoMo^sm (90°- Co) “'cos ^ 

B\ dividing the first equation bv the second we find 

AflEp ^tan 
BoEo' tan Co 

Similarlvwe find from the triangles EMA and EMB 

BE tan c 

Considering, then, that the distances along the lines of zero elongation do not change by 
passing from the initial to the terminal position we find 

AoEo =AE 

B„E„ = BE and hencei?^ = 

tan B tan 

Multiplying this equation b\ tan € we obtain equation (9) 
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per unit area which is required to hold the two portions ol the medium 
together, to possess, in general, a normal and a shearmg component with 
respect to the dividing plane, letting, then, the dividing plane take up all 
orientations in a solid angle round the mass-point in consideration, we deduce, 
on applying Newton's laws of inertia to all the portions of the medium and 
neglecting terms of second and higher order, that the local stress can always' 
be represented by a surface of second degree Accordingly, at each mass- 
point there will be three mutually perpendicular planes to which the local 
stress IS entirely normal and over w’hich all shearing components are zero 
The normals to these planes are called the directions of the mam axes of the 
local stress, and the numerical values of the stresses in these directions are 
termed the mam values of a stress. In general all three main values differ 
from zero and the state of stress extends accordingly m all three dimensions 
of space In special cases, however, of which we shall make a detailed study, 
one or two of the main values are zero 

Particularly simple states of stresses arise when the local stresses are the 
same throughout some finite region. The state of stress is then termed 
homogeneous m that region, and has throughout it the same directions of 
main axes and the same mam values. 'A state of stress which is homogeneous 
in some region and has only in one direction of space a main value different 
from zero is termed a simple pull in that direction. 

The trelhs model can easily be adapted so as to comply with the assump¬ 
tion of a dynamical eqmhbnum as postulated m the classical theory of stress 
in accordance with Newton's laws of inertia All we have to do is first to 
define the trelhs lines according to the strain (as indicated in the preceding 
section) and then to concentrate the whole mass of the medium along these 
lines, 

I 

(3) Theory of the Relationship between Strains and Stresses 

Let a medium be considered first in the natural state, i.e , at rest and 
free from externally applied forces Subjecting the medium then to some 
mechanical action we find that the natural state will change into a strained 
and stressed state which will vary with any change of the particular action 
applied We can determme in the medium, for every applied mechanical 
action, the strains and stresses which coexist at every instant of time and at 
every point in space, and the space and time derivatives of such strains and 
stresses The classical theory assumes that for a given medium there is a 
relationship between the coexisting strains and stresses and their derivatives 
in space and time, and that this relationship is the same for all states of the 
medium (natural or strained and stressed), independent of the mechanical 
action applied, and independent of the particular instant of time and the 
point in space under consideration. The relationship is thus characteristic 
for the medium under examination, and the mechanical properties of the 
medium such as elasticity, viscosity etc can be defined and specified by the 
constants in this relationship Combining the relationship with the two 
principles of maintenance of continuity, and of dynamical equilibrium, dis¬ 
cussed in the tw'o preceding sections, we obtain for an infinitesimally small 
portion of the medium a characteristic equation of motion in the form of a set 
of partial differential equations, and deduce from it the behaviour of any finite 
portion of the medium under any mechanical action by integrating “the 
equation of motion over space and time for the parbcular boundary conditions 
imposed by the action We can distinguish between media of different kinds, 
each kind being characterised by one equation of motion, and accordingly by 

of \alues of the parameters which specify the mechanical properties 
of the medium ^ ^ 

We shall group the different kmds of media into classes, according to 
the sj-mmeffy, or lack of symmetty, m space and time which the media 
possess in their natural state, i e according to the invariance or variability 
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of the equation of motion of the media against transformations of the co¬ 
ordinates of space and time. The reason for such a classification is that the 
media will exhibit under mechanical actions certain phenomena with 
characteristics that can be predicted already from the symmetry class to which 
the medium belongs 

With regard to the time coordinates it suffices here to distmguish between 
two symmetry^ classes, a general one, termed unstable, which embodies all 
media for which there is an appreciable variation with the time coordinate 
on the equation of motion, and a special one termed stable, for which no 
such vanation can be detected. The media so classified as unstable, will 
change their mechanical properties in time even when they are at rest and 
free from mechanical actions, while the media classified as stable will, under 
these conditions, retain their mechanical properties invariant With regard to 
the space coordinates we must fix in space, once and for all, a system of 
reference for such coordinates, and examine the results of changes in the 
coordinates separately for those due to parallel displacements of the system, 
and those due to a change of orientation. 

The terms heterogeneous and homogeneous will be used to denote 
symmetry classes of media which are charactensed respectively by a varia¬ 
bility or invariance under parallel displacements, and it will be convenient 
to subdivide the homogeneous classes into continually homogeneous and 
periodically homogeneous ones according to whether the mvanance under 
parallel displacements covers a continuous range of displacements or a 
periodic set of discrete displacements Similarly we shall use the terms 
anisotropic and isotropic^io denote symmetry classes of media which are 
characterised, respectively, by a variability or invariance under changes of 
orientation If and when necessary, a further subdnnsion of all the above 
mentioned symmetry classes can be mtroduced 

It IS of interest to visualise clearly how the ideal medium of the classical 
theory is represented by the trellis model This medium differs from a 
hypothetical three-dimensional continuum of free mass-points by the 
restraints which are imposed on it through the equations between the co¬ 
ordinates of the points, the equations make the medium conform to the 
various assumptions of the classical theory According to Lagrange, we can 
mterpret every such equation as a restraint to the free mobility, and replace 
the equation by the introduction of appropnate forces of restraint There will 
be three sets of forces of restraint in the ideal medium, corresponding respec¬ 
tively to the three assumptions of the classical theory, and the trellis model 
represents these sets of forces by appropnate mechanical devices Consider¬ 
ing a differential cell in the hypothetical continuum, of free mass-points, 
we find in it an infinite number, N say, of mass-points, each with three 
degrees of freedom, so that there are altogether an infinite number, 3iV, of 
degrees of freedom per cell Now the assumption of the preservation of 
continuity allows, for the mass-points in the cell, only 12 degrees of freedom, 
and forbids all the other 3iY-i2, since in the infinitesimal cell the displacement 
vecror must vary linearly with the coordinates of the mass-points^ Now the 
reduction in the number of degrees of freedom from 3Y to twelve can be 
interpreted according to Lagrange as a restraint by infinitely large forces 
along the forbidden degrees of freedom, and in the trellis model these forces 
of restraint are represented by the rigidity of the framework of the model, 
that is, by the mextensibihty of the trellis Imes and their pinpointing to one 
another at the points of intersection The two remaining assumptions of 
the classical theory do not reduce the number of degrees of freedom any 
further, but impose on the allowed twelve degrees of freedom finite forces of 

■'-The twelve degrees of freedom for a differential cell are formally deduced by 
cxpressmg the three components of the displacement vector, Ui say, as a general linear 
function of the co-ordinates, say, viz , Ui and associating one degree 

ot freedom ^^lth each of the twelve arbitrary constants fliand 
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restraint The assumption of the existence of a dynamical equilibrium 
corresponds to the imposition of forces of inertia, and these are represented 
m the trellis model by an appropriate distribution of masses along the frame¬ 
work of the model Finally, the assumption of a relationship between the 
btrams and stresses ci^rresponds to the imposition of elastic and/or frictional 
forces, and these are represented m the mpdel by springs and dashpots 
appropnately connected to the constituent members of the model 
Thus, it IS possible to construct a trellis model which reproduces the 
behaviour of a medium of any kind, for given mechanical actions imposed on 
it, by choosing a pinpointed framework of rigid trellis lines in accordance 
with the imposed strain, fixing masses to this framework in accordance with 
the laws of the dynamical equilibrium, and finally regulating the relative 
movements of the trellis lines by elastic and factional restraints, such as 
springs and dashpots Th^e above construction of a trellis model completes in 
principle the theory of this model We shall not discuss the details of the 
construction in this paper but leave it to a separate investigation*. 

To illustrate the correspondence under simple pull between the behaviour 
of an anisotropic material and that of the trellis model consider the general 
case where the direction of pull is arbitrarily chosen with regard to the 
structure of the material Figs 4 {a) and (6) refer to the initial and terminal 
position of a trellis model constructed from four ngid rods that are joined to 
one another by pinpointed pivots to form a collapsible rhombus The direc¬ 
tion of the pull IS arbitrarily chosen with respect to the trellis structure, and 
maintained in space in a vertical direction, marked m Figs. 4 (a) and (&) by 
the vertical lines through the centre A strain ellipse has been lined out to 
indicate the changes in length that occur over the full circle of directions 
When an experiment on an actual model is performed a strain is obtained 
which exhibits all the various characteristics of pinpointing, linearity, Poisson 
effect and evasion action discussed above The correspondence in behaviour 
of a material is shown in Figs 4 (c) and {d) which refer to the initial and 
terminal positions of a specimen of woven fabric The specimen has been 
cut out along an arbitrarity selected direction in the weave structure, and has 
then been subjected along this direction to a simple pull There is imprinted 
on the specimen a pattern showmg m the two positions the strain ellipse, the 
direction of pull (marked as a vertical line in the middle of the specimen) and 
the weave structure (marked by tw^o lines along a warp and a weft thread, 
with the warp line bearing an arrowhead for distinction) 

B APPLICATIONS OF THE TRELLIS MODEL 

We are interested here particularly in the application of the theory to 
media which are in a stable and homogeneous symmetry class and which, m 
addifaon, are solid in the sense that a state of static equilibnum is reached 
under any state of stress which is maintained stationary m the medium. 
Every such medium will have a well-defined natural state, 1 e a state in 
which it is at rest and free from external forces For convenience we shall 
standardise the initial position such that in it the medium is in its natural 
state, all strains to a terminal position being measured from that state 

When we apply to such a medium a state of stress which is stationary 
relative to a system of reference fixed in the medium, we find that m time 
a static eqmhbnum is reached 

Studying, then, the static equilibrium of the said medium, we find from 
the relationship between the states of stresses and strains together with the 

* Even in the simple case of a two-dimensional sheet of an isotropic medium that 
obeys Hooke’s law we find that the equipping of the trellis model with springs requires a 
rather elaborate procedure In accordance with the two independent elastic constants 
m Hooke’s law, we need two independent sets of springs, one representing the modulus 
of compressibility by which the framew^ork of the model is isotropically suspended m a 
circular rigid ring, and another, representing the shearing modulus by which the two 
senes of trellis lines are restrained from rotating against one another 



Fig 4 (c) Fig 4 {d) 

principles of dynamical equilibrium and of continuity, that a state of stress 
homogeneously applied over some region produces a state of strain which is 
homogeneous over the same region All the forces of inertia are here zero 
since they do not operate under static conditions The mam axes of stress 
always indicate the conditions along which the forces which tend to change 
the length have extreme values, while the mam axes of the strain indicate 
the directions along which the extreme changes in length actually occur In 
the general case, that is for an anisotropic medium and an arbitranly chosen 
tnad of main axes of stress, there will be a deviation between the directions 
of the mam axes of stress and those of the strain, so that the medium appears 
to talce an evading action in which the maximum changes in length actually 
occur in directions which differ from those along which the forces have maxi¬ 
mum values. Where the evading action occurs the strain (from the natural 
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state) IS compounded of a pure strain and a rotation Only in special cases, 
that is for isotropic media, or for special directions m anisotropic media, will 
there be no evading action, that is, there will be a coincidence of the main 
directions of stress and strain, the strain being in this case a pure strain. 
These reactions of the medium can be predicted from model expenments 
earned out on an actual trellis which may conveniently be constructed from 
the ngid stnps and the pinpointed pivots of a " Meccanoset. By way of 
example we shall discuss some cases of practical importance. 

(1) The State of Strain under a Simple Pull 

In the special cases in which the simple pull is exercised either in an 
isotropic medium along an arbitrarily chosen direction, or in an anisotropic 
medium m some special direction, we find from the classical theory that there 
is no evasion action and that a static state of equilibrium is reached in which 
the state of strain is a homogeneous and pure strain with maximum changes 
m length occurring in the direction of the pull and in all directions at right 
angles to it Poisson was the first to discover this phenomenon experimentally 
and to show that the changes in length in the direction of the pull are elonga¬ 
tions, whilst those in the directions at right angles are contractions In his 
honour it is customary to use the term Poisson ratio to denote the ratio of 
the relative changes in length in the directions of the pull to that in a direction 
at nght angles to it We note the remarkable effect of a change in length 
(contraction) occurring m the directions perpendicular to that of the pull along 
which the main values of the stress are zero 

In the general case in which the simple pull is exercised along an 
arbitranly chosen direction in an anisotropic medium, we find similarly from 
the classical theory that there will be an evading action, and that a state of 
static equilibrium will be reached in which a homogeneous state of strain 
exists that is compounded of a pure strain and a rotation The pure strain 
will show a change of length along all its three mam axes, according to a more 
complex Poisson effect, and the rotation will take place according to the 
change m direction which the three main axes of the strain suffer in transit 
from the initial to the terminal position The evading action thus shows two 
charactenstics appeanng respectively m the pure strain and in the rotation. 
As regards the pure strain, we find that in the mitial and in the tennmal 
positions the direction of the maximum elongation does not coincide with that 
of the pull, the angle between the two directions being termed the angle of 
evasion As regards the rotation we find that in passing from the initial to 
the terminal position the angle of evasion diminishes, the medium thus tend¬ 
ing to bnng the direction m which the maximum extension occurs nearer 
to the direction in which the maximum stress is applied 

The trellis model accounts in a particularly simple way for the Poisson 
phenomena and for the evasion action, especially when a two-dimensional 
case is considered in which we are interested only in a plane parallel to the 
direction of the pull. For the static equilibrium we have then to consider 
only a two-dimensional homogeneous state of strain where the trellis model 
can be represented by a rhombus with diagonals extending parallel to the 
main axes of the strain If, then, we choose the direction of pull arbitrarily 
m an isotropic medium, or in an appropriate way, in an anisotropic medium, 
we have in the mitial position the trellis so orientated that its main axes, i e 
the diagonals of the representative rhombus, extend respectively m directions 
parallel and perpendicular to that of the pull. Applying then the pull to the 
model, and fixing it in a terminal position corresponding to the static equili¬ 
brium, we find that the representative rhombus, and with it the whole trellis 
will perform no evading action, but will change from the initial to the terminal 
position according to a pure strain in which a maximum elongation along the 
diagonal parallel to the direction of the pull is accompanied by a maximum 
conti action along the other diagonal, at right angles to the direction of the 
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pull, as required by the Poisson ratio If, on the other hand, we consider 
the general case, i e , choose an arbitrary direction of pull in an anisotropic 
medium, we have m the initial position the trelhs so onentated that the 
diagonals of the representative rhombus extend in generally inclmed direc¬ 
tions to that of the,pull Applying here the pull to the model and fixmg it 
again in a terminal position corresponding to the static equilibrium, we find 
that the representative rhombus, and with it the whole trellis, will perform 
an evading action In this evading action the state of strain will be com¬ 
pounded of a pure strain and a rotation The pure strain will take place in 
accordance with the Poisson ratio It will have a maximum elongation and 
contraction occurring respectively along the two diagonals of the rhombus, 
and these will here form with the direction of the pull, angles, termed respec¬ 
tively the angle of evasion and its complement. In addition, a rotation will 
take place as the diagonals of the rhombus turn round relative to the direction 
of the pull which has been maintained fixed in the medium and in space 
Under a simple pull, the trellis which operates in the initial position will 
vary in general with the mechanical properties of the medium, with the direc¬ 
tion of the pull, and with the amount of pull applied For many media, how¬ 
ever, such as rubber, textile fabrics, etc., it has been found that the variation 
of the trellis with the amount of pull is, within a certain range of pulls, so 
small as to be negligible, and for these media the state of strain may be repre¬ 
sented by the same trellis over a wide range For other matenals, a separate 
trellis model has to be constructed for each ordered pair of initial and terminal 
positions In the plastic flow of single crystals, for instance, it has been 
observed that a simple pull applied to a cylindncal crystal of zinc produces a 
laminar shearing movement along the hexagonal base of the crystal, and here 
every ordered pair of initial and terminal positions will require a different 
trellis model 

An extensive study has been made with the help of the trellis model of 
the behaviour of textile fabrics under simple pulls and this study which is 
published in a separate paper has fully confirmed the theoretical results dis¬ 
cussed above 

(2) The State of Strain under Complex Boundary Conditions 

Consider a matenal which is held in grips and then subjected to 
mechanical actions through relative displacements of the grips The displace¬ 
ments of the grips impose at the boundaries between the matenal and the 
grips certain conditions which will set up throughout the material distribu¬ 
tions of the stresses and strains These distributions can be calculated, in 
principle, by integrating the equation of motion of the material for the given 
boundary conditions, but, in practice, such a procedure is so complicated that 
only very simple cases can be calculated even if the equation of motion is 
known explicitly It is here that the trellis model can be used to provide a 
first-order approximation The method of obtaining such an approximation 
has been worked out for a variety of cases but the essential features of the 
model can best be appreciated in the special case m which the model gives an 
exact solution 

Suppose the material is given in the form of a plane net m which the 
threads are inextensible, perfectly flexible and mvanantly fixed to one another 
wherever they cross Let this net be held in gnps, and the grips then displaced 
relative to one another in any way which leaves the threads in the plane of tne 
net The resulting distribution of strains can then be predicted exactly from 
a suitably constructed trellis model 

Let the net be laid out in some initial position with any number of gnps 
attached to the net By an arbitrary displacement of the grips the net will 
then reach a terminal position with a certain strain distnbution which we want 
to determine As the grips operate on the net bv way of bundles of parallel 
'threads which the grips hold we find that the edge threads of these bundles 
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will bcparalc from one another legionb of different strains, however the grips 
may have been displaced. Moreover, each of the various regions so separated 
will be a region of homogeneous strain because of the assumed inextensibihty 
and perfect flexibility of the threads. Hence, when the grips are fixed to the 



I'jg s («) Fig vS (&) 

net in the initial position it is possible to mark out there a pattern of two inter¬ 
secting senes of parallel edge threads, and this pattern will divide the whole 
plane of the-net once and for all into the different regions of homogeneous 
strain which can appeal in any terminal position The pattern in the initial 
position may be transformed into the pinpointed framework of a trellis model 
by substituting pinpointed pivots for the points at which the two series of 
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edge thieads intersect, and separate rigid rods for the various portions of the 
edge threads tetween two successive pomts ol intersection. Fixing then the 
gnps to the model and displacing them as for the net, we reach a tcnninal 
Mation for which the strain distribution in the model corresponds exactly 
to that in the net. In particular, the framework of the model in the terminal 
poation will divide the plane of the model into different parallelogrammatic 
regions of homogeneous strain, and this division coincides with that produced 
in the net. In addition, each parallelogrammatic region of homogeneous 
strain will be bounded in the model by the rigid ri^s which form the sides 
of the parallelogram, and the directions ot these sides coincide throughout 
the whole mtenor of the parallelogram with the directions of tlie threads of 
the net. 

The application of tlie trellis model is not restricted to nets of incxtensible 
and perfectly flexible threads but, in passing from such nets to plane sheets of 
woven and knitted fabrics, and finally to plane sheets of continuous mateiials 
of any kind, we find that the model will still exhibit the main features ol the 
strain distnbution and thus serve to give a first approximation, provided 
that we identify the threads of the net with the hues ol zero elongations in the 
vanous matenals, and determine these lines m pieUmin.uy expi'uments of 
simple pulls. The approximation will be particularly dose when only 
infanitesimally small strams are imposed. In the special case ot woven fabrics 
it has been shown that for wide ranges of mechanical actions the threads ol the 
fabric are near to the lines of elongation, and this makes it possible to identity 
in many cases directly the threads of the net with those ol the fabiir. lugs. 
5 («) and (b) refer respectively to the initial and terminal positions ol a speci¬ 
men of fiibric that is stretched between two parallel linear giips, and Figs. 6 
(a) and (6) illustrate the relation between the strain tlisfiitiution in tin- spe( i 
men and in the trellis model Figs 7 (a) and (b) i(*ti>r to u stieli liiiig ot .1 '.pod- 
men between two pinpointed grips (drawing pins), and Figs. 8 (a) and (b) 
to a similar stretching between the three pinpoint giips 'I he i<)ne-.poiHluig 
trellis models are exhibited in these Figuies directly In uiaikmg in bltck the 
edge threads corresponding to the attached gnps. rii'anks .iie due to Mi (,. 
E. Chadwick tor the pertormance of the expeiinuuils. 
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6—A TRELLIS MODEL FOR THE APPLICATION AND 
STUDY OF SIMPLE PULLS IN TEXTILE MATERIALS 
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INTRODUCTION AND SUMMARY 
Textile fabrics piesent a behaviour of great complexity when examined 
undei mechanical actions, such as occur m the various stages of manufac¬ 
ture, in practical use, and m the testing of the mechanical pioperties To 
unravel the complexities in such examinations the classical theory of 
mechanics has provided a mathematical form of analysis which has been 
greatly simplified by the mtioduction of a mechanical model This is 
referred to as a trellis, since it behaves like the well-known type of collapsible’ 
garden trellis, consisting of two sets of parallel rigid rods mutually pinpointed 
where they cioss, and capable of expanding and contracting m certain direc¬ 
tions without change m length oi form of the rods. In an eailier paper K, 
Weissenberg'' introduced the tielhs model and developed a comprehensive 
scheme in which the classical theoiy and the Ihcoiy of the model are united 
The picsent investigation is limited to the behavioui undei simple pulls 
of U‘\tile fabiics and oUkt maleiials m the form of plane sheets, and for the 
convenience of the iea<ler the trellis model is here derived in a simplified 
manner adapted to the spc'ciaI two dimensional case under consideialion. Each 
sheet will bo examined in two positions, in the initial positiop when the sheet 
is m its natural ^taie, that is at rest and fiee from mechanical actions, and 
m the terminal position when it has reached some stressed and strained state 
under the action of the applied pull. Special methods were devised to reveal 
the stresses and strains under examination. 

For the stresses, cuts were made in the sheet at various points, and in 
various directions, the amount of change (opening up or closing down) of a 
cut while the stress is maintained affording a very rough measure of the 
traction force across the cut In the initial position, corresponding to the 
natural state, the stress is zero and the cuts remain unchanged. In the 
terminal position, however, corresponding to the stressed state, changes can 
be observed m the cuts This is shown for the terminal position of a 
lectangulai specimen of fabric by Figs i(b) and i(d) Fig i(d) refers to a 
specimen which has been sewn into an endless belt and then stretched between 
two parallel rollers inserted m the belt The stress here produced is a simple 
pull lengthwise in the specimen, that is a stress homogeneously distributed 
over the whole area of the specimen with traction forces of finite amount 
across the width wise cuts, and of zero amount across the lengthwise cuts 
This is revealed through the changes of the cuts being the same at different 
points of the sheet with a finite amount of opening of the widthwise cuts and 
zero opening of the lengthwise cuts By way of contrast Fig, n^b) refers to a 
specimen which has been stretched between two parallel clamps firmly fixed 

♦K Weissenberg, preceding woir. — See slho Arch d Sci Phy^ etNai 1935 , 5Par7 
Vol. 17. 
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to the sheet. Here the stress is of a complex character, varying from one 
point to another, and having traction forces of finite amounts across width- 
wise and lengthwise cuts as seen in the corresponding changes in the cuts 
For the strains, the geometrical changes were observed which occurred in 
the. specimen in transition from the initial to the terminal position In prin¬ 
ciple it would be necessary to observe the strain separately at the various 



points of the specimen, but observation at one point will suffice since in the 
restricted investigation here under discussion the strain will be homogeneous 
ovci the whole area of the specimen The homogeneous strain produced by 
a simple pull manifests itself differently for the different elements in which We 
are interested In Fig 2(a)—(d) an illustration is provided for the initial and 
terminal positions of a specimen of fabric sewn into an endless belt and 
stretched between a pair of parallel rollers inserted m the belt. Figs. 2(a) and 
(b) refer to a specimen in which the direction of pull is along the weft, while 
Figs, 2 (c) and (d) refer to a biased specimen m which the warp makes an 
angle, termed bias angle, with the direction of pull. The manifestations of the 
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Strain are studied heie from four different aspects, discussed under the head¬ 
ings of shape, weave structure, strain quadnes and lines of zero elongation. 

The shape of the belt between the pair of rollers is a rectangle, with sides 
parallel and perpendicular to the direction of the pull, and it is seen fiom 

Figs 2(a)_(d) that for both specimens this rectangle changes its dimensions 

by suffenng an elongation lengthwise to the direction of pull and a conti ac¬ 
tion widthwise according to a phenomenon known as the Poisson effect It 
will be noticed that the contraction in the widthwise direction takes place in 
spite of there being zero traction force in this direction in a simple pull 
experiment. 

Considering the weave structure, attention will here be focused on the 
changes occurring in the plane of the specimen, when straight lines aie 
imagined to be drawn in this plane along the waip and weft threads Tho 
photographs reproduced in Figs 2(a)—(d) are in fact projections on to the 
plane, and the images of the threads shown theie may be iclenlihed with 
the imaginary lines The strain from the initial to the teiniinal position 
brings about some changes m the weave structure while maintaining invariant 
the straight linear form of the warp and weft lines, and the points ot inter¬ 
section between these lines The changes m the structure arc changes in the 
length, the density and the orientation of the warp and. weft lines, and these 
changes depend on the properties of the specimen under examination and the 
amount and direction of the pull For the specimen shown m Figs. 2(a) and (b) 
there is no change in the orientation of the warp and weft lines, but lheu‘ is 
an elongation of the weft lines and a contraction of the waip lines, witli ,i 
corresponding increase in the end spacing and decrease m the pick spacing 
For the biased specimen, shown in Figs. 2(c) and (d), the warp and weft lines 
suffer not only changes m length and spacing, but also in their oiu‘ntation to 
one another and to the direction of piilL 

In order to study the homogeneous strain at a point systemaiically the 
classical theory introduced strain quadrics, that is cuives of second d('gu*(\ 
which are centred on the point and specify round lh(' full circle oi diu'ctions 
the changes m orientation and length of all lines irradiating iiom 1h(‘ (enlie 
One quadne, termed strain ellipse, will change its foim from «i circU’ of unit 
radius in the initial position into en ellipse m the terminal position, with tlu^ 
main axes indicating there the directions of inaxunum changes m length, llu‘ 
major axis coiresponding to the greatest increase and the mmoi to llu‘ 
greatest decrease The other curve, termed reciprocal strain ellipse, changes 
its form conversely from an ellipse into a circle of unit radius, and the* m«iiu 
axes of that ellipse are aligned m the initial position with the directions 
destined to suffer maximum changes of length, the minor axis now, however, 
corresponds to the greatest increase and the major axis to the greatest 
decrease. As the sheet suffers extensions in some directions and conlractionb 
in others, the strain ellipse and reciprocal strain ellipse will mtcisect and the 
pair of common diameters indicate in the two positions lines of zero elonga- 
t%on^\ that IS lines in which there has been no change of length H(‘re tlie 
classical conceptions of the mam axes of stiam may be introduced Th(‘sc 
axes, termed ma^or for elongation, and minor for contraction, extend along 
the directions which suffer maximum changes in length and thus coincuU* in 
the two positions with the directions of the axes of the ellipses 01, what 
amounts to the same, with the directions of the bisectrices of the angles 
between the lines of zero elongation Figs 2(a) and (b) illustrate a special 
case of strain, termed pure strain, where the mam axes of stiam have the 
same orientation m both the initial and terminal positions Figs 2(c) and (d) 

*In the classical theory, attention has already been drawn to the linos ol /ito 
elongation (see for instance W J Ibbetson, Mathematical Theory ot Jilaslinty) and 
G I Taylor was the first to use these lines m an analysis of three-diinensjon.il stiains 
produced in the plastic flow of single ciystals (see Proo Pay So( 1 u}Oi Vo] 10* 
fand 1926, Vol iii) r * ' -r 
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illustrate a geneial case, whcie the oziontation of the main axes changes from 
the initial to the terminal position, and the stiain contains a corresponding 
rotation of the sheet as a whole, m addition to the pure strain. 

When, finally, it is leqnirod to consider the strain in terms of the lines of 
zero elongation, it will be noted that these lines divide the full circle of 
directions into two compiemtmtary pairs of sectors. One pair, centred on the 
major axis of strain, decrease from the initial to the leiminal position and 
contain all lines which suffer an elongation, while the other pair, centred on 
the minor axis of strain, increase from the initial to the terminal position 
and contain all lines which sutler a contraction. To specify the directions 
of the lines of zero elongation it has been found convenient to do this with 
the help of two angles One, teimed opevttig angle, corresponds to the 
decreasing pan of sectors foirned by the lines, and the other, termed angle of 
evasion, corresponds to the acute angle formed by the direction of the pull 
and the direction of maximum elongation, that is between the majoi axis of 
stress, and the major axis of sliam In Figs 2(a) and (b) it is seen that the 
opening angle between lines of zero elongation corresponds to the pair of 
sectors which contains the cliiection of pull The angle of evasion is here 
zero in both positions as thi* dueclion of the pull, that is the length direc¬ 
tion of the specimen, coincides with the major axis of strain In Figs 2(c) 
and (d) the opening angle** again contains the direction of pull Heie, however, 
the angle of evasion is not zero and shows the discrepancy between the 
direction of pull lengthwise to the specimen, and the direction of the major 
axis of strain along which the maximum elongation occurs The dis¬ 
crepancy decieases from the initial to the terminal position. From all the 
Figs 2(a) to (d) it can be seen that lines of zero elongation change only their 
orientation, but retain as invariants fioin the initial to the terminal position, 
the length, the straight linear form, and the point of intersection. Thus, the 
strain of the sheet produces in the lines of zero elongation the same changes 
as in the rods of a collapsible trellis, and this fact makes il possible to repre¬ 
sent the strain ol tlu* sheet by a trellis model. 

The str(‘sses and strains u^vealed 111 a sheet of fabiic are subjected to 
certain fandainenlal laws which have been formulated in the classical theory 
of mechanics It has been shown in Ihi* preceding paper how these laws 
impose on the fn*(*dom of inovcmuml <‘ertain restrictions which are known m 
the theory as Lagrange forces of reMraint, and are incoiporatcd into a 
mechanical mode*! of the type of a trellis Tlio fiamewoik of the model con¬ 
sists of two mlersocling series of parallel iigid rods which extend along the 
lines of zeio elongation and ait' pivoted to one another by the insertion of 
pin-poinled joints at the crossing points of the rods It is necessary m prin¬ 
ciple to equip the framework of the trellis with a disposition of masses, and 
of clastic and frictional resistances‘ (springs and dashpots say), but this 
additional (‘quipment need not be specified here and will be left undeterminate. 

It can be shown that the trellis mechanism so consliucted will in fact 
guide the sheet along the movements allowed by the laws of the classical 
theory and will, al the* same lime, pievent the sheet fioin movements in 
any way conliaiy to the laws Any pattern imprinted rm the trellis in the 
initial position will then change through the tielhs mechanism to the corres¬ 
ponding pattern m the terminal position as requiied by the thcoiy, so that 
the trellis can be made to serve as a model for the strain produced in the 
sheet provided an adjustment is made to the conditions of the expenments, 
such that the senes of rigid rods of the trellis extend in the initial and terminal 
positions along the lines of zero elongation Because of this adjustment the 
lines of zero elongation and the ngid rods of the trellis will also be referred 
to as trellis hues. It will be noted that in the model the distances between 
parallel rods can be chosen arbitrarily and that only two pinpointed joints 
arc required on each jod The model can m fact be simplified to a repre- 
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sentativc rhombohedial fiame, consisting oi foiu iigid lods pivoted to one 
another at the corners of the rhombus As tlie sheet is strained trorn the 
initial to the terminal position, the framework of the trellis perfouns a move¬ 
ment in a lazy-tong fashion with one pair of angles in the rhombus decieasmg 
and the other increasing. With reference to the Figs 2(a)-—(d) special 
attention is drawn to the different onentations in the initial and teunmal 
positions of the lines along the yarn threads which characterise lhi‘ slmctural 
network of the fabric, and the lines of zero elongation which chaiactense the 
structural hetwork of the trellis model associated with the fabiic 

The classical theory and the trellis model discussed above apply primarily 
not to real materials but to ideal media which satisfy exactly the laws of the 
theory. It is, however, possible to hi an ideal medium as closely as may be 
to any given real material, and a more detailed investigation reveals that 
one obtains an almost perfect fit for every given woven oi knitted fabiic 
if the fabric is represented by a nelwoik of two intersecting seiies of parallel 
straight lines drawn in the "plane of the fabric along the ydin diicctioiis 
Having fitted an ideal medium to a real material one can apply the clussu al 
and trellis theories as explained above 

There are many advantages m using the theory ot the trtllis imidi'l as a 
supplement to the" classical theory as will be seen from the considei ation^ 
given below 

In the experimental study of the behaviour undei simple pull oJ iexlih 
fabrics and other materials m sheet form, icctangular specimens \M‘ie ml 
out m various directions Each specimen was subjected to a seiits of simplt' 
pulls of increasing amounts m a chiection lengthwise to tin* lectangle For 
each experiment m the senes, the behaviour of the specimen w*is speciiK'd 
by the strain from fhe initial to the teirninal position To make tlu* sp(‘(*ilicti- 
tion comprehensive there w^as impiintcd on the specimen m the initial position 
a set of markings which w'as sufficiently complete to leve.d by its milird and 
terminal patterns all the characlcnslics ol sliain with legaul to ihe \Mjn 
structure, the classical theory and the trellis model, as explained with lefer 
enceto the shape, the weave structure, the stialn quadrics and tiu* lims of 
zeio elongation 

Considerable difficulties arise in the task f)f imposing on a given sheet of 
material homogeneous states of strain, such as couespond to ihe action of 
simple pulls, and special devices had to be developed for this purpose 

In the ordinary tensile testing of cloth, a reclangulai spccinn‘n of ih 
matenal is fixed widthwise in a pair of parallel clamps, and these clamps 
are then pulled apart in ordei to produce an extension in the length ot the 
specimen. An investigation of the results obtained reveals that the* state ol 
stress imparted to the specimen under these conditions differs consideiably 
from the intended one of a simple pull and that a corresponding difference 
15 observed m the state of strain This may be observed experimentally by 
making small cuts m the matenal at various points and obscxvuig llu* opeii- 
mg or closing of the cuts with the applied pull The trouble is dm* to tin* 
fact that the matenal is tested under boundary conditions which axe incom¬ 
patible with the imposition of the intended stresses and strains, since a simpU* 
pull on the specimen requires that the elongation of the specimen l(‘nglli- 
wise should be accompanied by a contraction widthwise, whilst the fixing of 
the specimen to the grips creates boundary conditions undci which the widtli- 
wise contraction is resisted This restraint is particularly pionoimced m the 
immediate vicinity of the grips, and the increasing freedom from the leatiamt 
in regions remote from the grips leads to a heterogeneity m the imposed 
strain, of which the most obvious sign is the waisting of the specimen 

The requirements of a simple pull may, however, be at tamed by inediis 
of two special kinds of grip termed, respectively, rollei gups and trelli- 
grips In the roller grips an endless belt of the specnn(*n is pnpared .un 
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mounted <m two rollcis which arc aliened at right angles to the length of the 
specimen By this means the specimen has sufficient fieedom to contract 
freely on the rollers during the stretch. The trellis grips have been developed 
from the trellis model and are not subject to some of the limitations of the 
roller grips. It has been shown that any desired state of strain may be pro¬ 
duced in a material by performing a tielhs-hke movement with the pin¬ 
pointed network of lines of zero elongation Accordingly, the strain may be 
produced by performing a similar movement with trellis grips which consist 
of inextensible linear gups fixed along the directions of the lines of zero 
elongation of the fabne and pivoted to one another at their crossing places 
Two such trellis grips, teimcd, respectively, '' angle"' and parallelogram " 
grips have been devised. Tho angle grip conforms to one pair of sides of 
the parallelogrammatic frame and consists of two clamping arms which are 
pivoted to one another by a hinge at one end so that the angle between the 
arms may be varied fieely. The parallclogiam grip conforms to one pair of 
parallel sides of a parallologiammalic frame and consists of two parallel 
clamping arms which are pivoted to two cross rods so that the angle between 
the arms and lods may be vaiied arbitrarily. It can be shown experi¬ 
mentally that both th(* states of stresses and strains in the ordinary parallel 
grips of a tensile tester are heterogeneous whereas m roller, angle and 
parallelogram giips they are homogeneous provided the grips are set in the 
directions of the lines of zcio elongation in the initial position In all trellis 
grips the specimen should have its free edges along the diiection of pull 
since the force acting across such boundaries is zero for a state of simple pull. 

The angle grip is a particularly simple moans of applying homogeneous 
stresses and strains to fabrics and it may be used in conjunction with a Good- 
brand cloth tensile tester to give the breaking load of a strip of fabric 
Another piactical application of the gnps is that they may be used to apply 
a ballistic fatigue tieatmcnt to coated fabrics to determine the resistance of 
the coating to destruction under repeated stresses and strains. 

The trellis model is of pailicuhir value m the study of the behaviour of 
textile fabrics under the action of a simple pull This is readily visualised 
and demonstrated by nutans of an actual model constructed fioin four stiips 
of ''Meccanojointed together to give a ihoinbus 

In the initial position the ihombus may be set with the sides parallel to 
the initial directions of the lines of zero elongation and the joints of the model 
coincident with nodal points of th(» malenal. The model should be operated 
by stretching it m the direction of pull to the amount actually observed m 
the specimen t In such an experiment the behaviour of the model shows 
directly the various characteristics of the strain from the initial to the terminal 
position The characteristics of pmpointmg and Imeanly are seen for the 
trellis lines in the maintenance of their points of intersection and of their 
straight linear form, whilst the characteristics of the Poisson effect are 
recognised by the changes m length parallel and perpendicular to the direc¬ 
tion of pull (that is lengthwise and widthwise in the specimen) these changes 
being coupled For a general case, when the diagonals of the rhombus are 
orientated arbitrarily relative to the direction of the pull, the model appears 
to execute an evading action since the maximum elongation occurs in a 
direction which is at an angle to that of the pull The strain here is com¬ 
pounded of a pure strain extending its mam axis along the diagonals of the 
rhombua and a rotation which turns these diagonals round and brings the 

“ The state of stress or sirdin is not homogeneous if the initial angle between the 
grip*? does not correspond to the appropriate angle between the lines of zero elongation. 
When the angle between the clamps is less than that between the lines of zero elongation 
waistmg occurs , when greater, buckling occurs 

I* This mode of operation ensures that the trellis lines coincide with the lines of zero 
elongation in the initial and terminal positions 
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direction of iTia.xiinum elon^dtion ncdicr to tlicit of the pull boi d special 
case when one of the diagonals of the rhombus coincides \Mth the diiection 
of the pull, the model will sufter a strain which is a puie one free fioiu 
evasion and rotation 

The experiments on specimens of fabnc show that the behavioui of the 
specimens under simple pull corresponds in all the characteiistics of stiain to 
that of the model It has been found that under a simple pull the com¬ 
ponent threads of a fabric retain their nodal points intact, that is thiy do not 
glide over one another and are apparently pinpointed to^ one another 
Further, under a simple pull all specimens of textile materials undeigo a 
linear change which is recogmsed m the pattern of maikmgs by the straight 
lines remaining straight and the cun^es of second degree remaining of second 
degree. The Poisson effect with and without evading action shows up rathii 
strikingly 

If the matenal in its natural state is isotropic the model would be'so 
orientated in the initial position that one diagonal of the rhombus is m the 
direction of the pull and the other at right angles to it, Hcic the belt suffers 
a pure strain with maximum extension occuiring lengthwise and maximum 
contraction widthwase in accordance with the Poisson ettecl Tins w^as con¬ 
firmed in experiments on isotropic sheets of materials such as lubbei, C'ello- 
phane, polyvinyl chlonde, etc. If, on the other hand, the matenal in its 
natural state is anisotropic, and this is the case foi all wov<*n and knitted 
textile fabrics, then the relative onenlation of the model to the pull is 
different for various directions of pull, i.e for various bias angles. Foi an 
arbitranty chosen bias angle the diagonals of the ihombus will be inclined 
to the direction of the pull, and the results obtained here w^ill conform to 
those of the model m the general case For a specimen cut at an arbitral ily 
chosen bias angle of nominally 22.J‘\ the belt suffers a compound strain 
extending lengthwise and contiacting w'ldthwise in accoiclance with the 
Poisson effect, and evading the cliicct action of the pull, as a cuclt* diawn 
on the fabnc extends into an ellipse in a diiectioii diAeient fiom th.d of the 
pull In this evading action, the belt is seen to suffei a pun* stiam with 
maximum elongations and contiactions OLcniiing in directions obli(]m' to thi^ 
length and width directions of the specimen, and to sufiei, ui iuldition, a 
rotation which carries parts of the specimen over the rollers, in spite of tin 
strong fnctional forces present, one free edge of the front slu‘et of the belt 
moving upwards over the rollers, and the other free edge of this slu'et 
moving downwards For specially selected bias angles, the model in the 
initial position is so onentated that one of the diagonals of the rhombus is 
in the direction of the pull and the othei at right angles to it The results 
obtained will here conform to those of the model in the special case, and this 
w^as confirmed m expenments when the specially selected bias angles weie 
0® and 90®, and for woven fabnes m addition, 45° approx 

The model accounts for the behaviour of the specimens not only m the 
qualitative way discussed above, but also in a quantitative way for <ill 
numencal charactenstics of the strain This is exhibited in tables tlu 

numerical values of strain are recorded with respect to the yarn siiucluie, 
to the classical theory and to the trellis model 

The practical value of the trellis model is consideiably cnhcuiced still 
further by the empirical fact that in all the specimens of textile fabiics under 
examination, the trellis characteristics calculated for the initial position van' 
only slightly with the amount of pull, so that the same trellis model may bt 
used in all expenments m which a specimen of given bias angle is stretched 
by various amounts of pull It must, howevei, be emphasised th<it caution 
is needed m generalisation of the empincal fact to othei materials and othei 
actions In theory the characteristics of the tiellis model must b(‘ adaptetl 
separately for each pair of initial and terminal positions, and only ,l sepaiati' 
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investigation ran show to what extent the same chaiacteiistics apply to more 
than one pan ot positions. 

The trellis model has a ceitaiu stuictuial significance foi textile fabrics 
and this is brought out in the association between the structural elements of 
the model and those of the fabric. The pinpointed joints of the model have 
already been identified with the nodal points on the fabric and it thus 
remains to investigate the relation between the rigid rods and the yams of 
the fabric, the rods being represented by the trellis lines and the yarns by 
lines drawn along the threads. 

For an ideal fabric constructed from ngid threads, there would be a 
coincidence betweim the trelhs lines and the lines drawn along the thread 
directions The leal textile fabrics deviati* from the ideal to a greater or 
less degree and this modifies the kind and degree of association, and makes 
it dependent on the particular conditions of the experiment. It suftices, 
however, to considei the initial position only, since the association m the 
terminal position is similai The fabrics have conveniently been divided into 
two types, woven and knitted fabrics, and for each the cxpenmental con¬ 
ditions were vaiied with regard to the direction of the pull (bias angle) 

For all samples of woven fabrics the extensibility under pull in the 
vanous directions shows a chaiacteiistic pattern The pattern is symmetrical 
to the warp and weft directions and the value of the extensibility changes 
with the bias angle in a wave-hke form (four-leaf clovei) passing through 
sharp troughs with mmiinum values at the bias angles corresponding to the 
directions of waip and weft, and passing through flat crests with maximum 
values at bias angles near to, or coinciding with, the bisectiices of the angles 
between the warp and weft directions The full circle of bias angles may 
thus be divuli‘d loughly into two complementary sets of sectors, correspond¬ 
ing respectively to the tioughs and the crests of the wave One set of sectors 
with large values of (‘xtensibihties (coiiesponchng to the flat crests of the 
wave) consists of fom bioad sectors which aie centred on the bisectuces 
between the waip and weft, and thioughout these sectors the tielhs lines aie 
almost comculeiil with tlu‘ lines dtawn along the warp and weft threads. 
The complementaiy set of seetois with small values of t^xteiisibility (coires¬ 
ponding to the sliaip lioughs ot the wave) consist of four naiiow sectors 
which aic cenliecl on the waip and weft diiections, and hero the trellis lines 
deviate considei ably fiom the lines drawn along the warp and weft threads 
The deviation mcreasi‘s to a maximum value as the direction of the pull 
approaches the direction r)f warp oi weft. On eithci side of the maximum 
deviation theie is a well-defined association in which one trellis line is near 
the warp and one neai the weft. As the direction of pull passes over a yarn 
direction there is a change m the mode of association so that the trelhs line 
previously associated with the weft will now become associated with the 
warp, and vice veisa At the maximum deviation the trellis lines are 
symmetiically oiiontatt^d to the warp and weft directions, and the associa¬ 
tion is arbitiary This assouatiou has been found to apply to a wide variety 
of woven fabnes of different weaves and conslruclions 

For knitted fabnes only onc^ sample has been investigated Heie the 
extensibility under pull m the various diiections shows a pattern which again 
is symmetrical to the yam directions One of these directions, that of the 
wales, corresponds to a minimum of extensibility, and here there is a close 
association to the one oi other of the trelhs lines similar to that found for 
the yarn m a woven fabric The other yarn direction in the knitted fabnc, 
that is the courses, conesponds to a maximum extensibility, and therefore 
shows only an incidental association with the trellis lines 

The experimental results suggest that in any matenal which varies in 
extensibility with the direction of the pull there is an appreciable association 
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between the direction of minimum extensibijity and the trellis lines repre¬ 
senting the lines of zeio elongation This structural significance of the trellis 
lines IS not restricted to the actions of simple pulls but holds good for a 
variety of mechanical actions though not for all of them 


THE EXPERIMENTAL TECHNIQUE 

The experimental conditions have been limited as follows * — 

Materials All materials were selected in the form of plane sheets and 
samples were free from obvious defects In general the experiments have 
been made on woven and knitted textile materials of various structures but 
some preliminary tests were also made on sheets of rubber, leather. Cello¬ 
phane, etc 

Mechanical Actions The materials were subjected to simple pulls and 
the magnitude of the pull was restricted to a range of values between zeio 
and a value below the critical point at which breakage or disintegration of 
the structure occurred» 

Time Factor. To reduce any possible time effect, the terminal state 
correspondmg to any applied simple pull was taken to be that after an 
approximately static state of equihbnum was reached. Foi the textile 
specimens examined this time interval was about 2 minutes The experi¬ 
ments were carried out in steps as detailed below 

(1) Preparation, Marking out and Photographic Recording. 

The experimental results relate to samples of a representativt* selection 
of textile fabrics which have been subjected to simple pulls of varying 
magnitude at different bias angles. Table I gives the structural details of th(‘ 
fabrics and accords to each a leferonce label. A, B, etc. Fabrics A, B, C 
and D were chosen because they had a faiily open structuie and the effects 
of the various structural factors could be noted Fabric 1 C was chos(‘n 
because of its close structure. Fabric F was chosen to lepu'seiit kmtte<l 
fabnes and fabrics G to K as icprcsenting different fibres 

For each fabric oblong specimens 20 ins long by 5 ms wide wi*u‘ tui 
from the bulk sample and simple pulls were applied lengthwise to th(‘b<‘ 
as desenbed below. In principle a complete range of bias angles extends 
over 180® but by virtue of the structural symmetry of the fabrics about their 
main yam directions (warp and weft for woven fabrics, wales and courses 
for knitted fabrics) a range of 90® from one yarn direction to the other could 
be taken as adequate The conventions are that the lengthwise direction of 
the specimen is the direction of the simple pull and that the acute angle 
between this direction and the warp direction is the bias angle. All angles 
are measured positively in a clock-wise direction as viewed from the face of 
the fabric on which the markings are made In the present investigation 
the bias angles were chosen with negative values For the samples A and F 
specimens were cut out at bias angles of 0°, -22^", —45°, , 

-79°, and -90°, whilst for the other samples specimens weic cut out only 
at the arbitrarily selected bias angle of “-22|°, typical of the general case 

Each specimen was carefully freed from wrinkles and held fii mly between 
two rings of cardboard A circle 4 ms diameter was then marked in Indian 
ink in the centre of the specimen and the warp and weft diicctions were 
marked by lines drawn through the centre of the circle, an arrow head being 
attached to the warp line to serve as an identification mark In addition a 
line was drawn through the centre parallel to the length of the specimen to 
indicate the direction of the intended pull The marked specimens were tht‘n 
mounted in appropriate stretching frames as explained below, in which thc‘ 
magnitude of the simple pull could be varied as required For photo- 
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graphic recoiding; of tests nidde* whea using rollci grips, a Leica camera 
was hel<l in front of the specimen by means of a steel gantry bolted to the 
cloth stretching frame. The gantry was arranged so that the camera could 
be placed m any position in a vertical plane 56 cm. from the front of the 
specimen and by means of a slotted member piovision was made for moving 
the camera m a vertical direction to be in Imc with the centre of the circle 
marked on the specimen The camera was set at F.g o, ^\jth second, and 
Kodak R 50, 35 mm, recording film was used as the sensitive material. A 
single Matelux lamp and leflcctor placed 5 ft. from the specimen and giving 
fairly fiat lighting were found to give well-exposed negatives. An exposure 
was first made with the specimen held loosely in the gnps and the centre of 
the camera lens m line with the centre of the marked circle. The specimen 
was then stretched by the fiame and, aftei re-ahgmng the camera, the film 
was exposed and the reading of the spring balance noted. The procedure 
was continued so that a series of exposures of increasing amounts of strain 
were obtained. 

For the trellis grip tests a similar photogiaphic piocedure was adopted 
with the specimen placed on a horizontal plane and the camera held vertically 
above it by means of a rigid tripod. 

The film was developed for 4 minutes m I.D 2 developer and after pro¬ 
cessing and diying a quax lei-plate enlargement of the markings on the cloth 
was made from each of the negatives and results weie computed from the 
enlargement Consideiable caie was needed in computing the results and for 
this purpose a specially graduated small-scale piotractor, steel rule and 
dividers were used Measuiements of angle aic correct to within i"", of 
length to o 01 inch 

(2) Stretching Frames tor the Production of Simple Pulls and the Mounting of 

the Specimens in the Frames. 

The iinposiliou of simple pulls meets with considerable practical diffi¬ 
culties which make it necessary to constuict special sti etching frames foi the 
purpose and io develop apprtipiiate schemes for mounting the specimens m 
the frames. 

If one of the specimens of the mateiial is mounted lengthwise in a pair 
of parallel clamps, such as arc used, for example, in a cloth tensile testing 
machine, and these clamps aie then separated in the ordinary way by 
increasing the distance perpendicular to the edges of the clamps, it is found 
that the state of sliess imparted to the specimen differs considerably from 
that of a simple pull, particularly m the neighbourhood of the clamps, 
although only a pull lengthwise to the specimen is applied. The trouble is 
due to the fact that the matcnal is tested under boundary conditions which 
are incompatible with the imposition of a simple pull. It follows from the 
theory that the imposition of a simple pull lengthwise to the specimen is 
compatible only with a homogeneous state of strain in which an elongation 
of the lengthwise direction is coupled with certain changes in length and m 
onentation of the widthwise direction, in accordance with the Poisson Ratio 
and the evading action present The fixing of the material in the clamps 
introduces a restraint in the widthwise direction and the effect of this restiaint 
increases towards the boundaries of the specimen at the clamps till, m the 
immediate neighbourhood of these boundaries, all changes in length and in 
onentation of the widthwise diiection are completely inhibited. Thus, the 
boundary conditions prevent the specimen from executing freely the required 
changes, and a pull on the clamps will induce highly heterogeneous and 
complex states of stresses and strains instead of the intended ‘homogeneous 
ones which correspond to a simple pull. 

Figs. I (a) and i(b) (see Introduction) show the result of an experiment 
carried out to illustrate the above-mentioned heterogeneity and the com¬ 
plexity of the states of stress and strain. A specimen of poplin fabric (E of 
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Table I, 20" x 5") was cut at an angle of 45° to the waip tliieclion and faxed 
farmly m a pair of parallel gaps of the usual type of cloth tensile testing 
machine Under a lengthwise pull the specimen stretched and assumed a 
waisted form as shown in Fig i(a) The state of stiain is heterogeneous, 
varying lengthwise and widthwise as can be seen from the distortion of the 
straight line drawn parallel to the warp threads of the specimen. Similarly 
the state of stress is heterogeneous, and to show its variation over the 
specimen small cuts were made at vanous places, the opening out of a cut 
indicating a positive stress component (pull) in a line at right angles to the 
line of the cut, and the amount of opening out affoiding a very rough 
measure of the magnitude of the stress component The cuts wcic made as 
short as practicable in order to minimise any interference with the stress 
distribution. In the upper half of the specimen lengthwise cuts were made 
to indicate widthwise stress components, and in the lower half widthwise 
cuts to indicate lengthwise stress components. Fig i(b) shows the results 
obtained On considering the cuts in the upper half of the specimen, it will 
be seen that near the gnp there is an appreciable widthwise sticss component 
opening the cut, arising, of course, from the fact that gups prevent the 
widthwise contraction This component diminishes towards the middle of 
the specimen as is shown by the diminished amount of opening of the cuts, 
the line of cuts nearest the middle of the specimen being scaicely visible 111 
the photograph, the reason for this diminution being the increasing freedom 
of the specimen to contract widthwise In the lower half of the specimen 
widthwise cuts were made to indicate lengthwise stress components, and it 
will be evident that these increase towards the middle of the specimen A 
similar stress distribution may be observed for a sheet of 1 ubber. 

The difficulties of adapting the boundary conditions of stretching frames 
to the requirements of the simple pull have been oveicome by the develop¬ 
ment of two special kinds of grips' leferred to, iispectively, as ** roller 
grips" and " trelhs grips " 

Roller Grips In order to adapt the bcmnclaiy coiulitions l<^ the n‘(|iuie- 
ments of the simple pull a pair of grips termed toiler gups ha\e b(‘(‘n used in 
which the specimen can be mounted so that it lias siilhciimt In^edom to take 
up any state of strain required by the simple pull. Ihe iol1t‘i giips consist 
of two cylindrical steel rollers (mild steel lods of I" di<uii(‘liM-) which W(‘re 
connected to the clamps of a cloth stn*tching frame such that the .i\es of the 
rollers were parallel to one another and aligned in .1 din‘ctu>n p(‘ipendiciilai 
to that in which the clamps are separated in an ordinal y tensile test 'Hu 
tensile testing machine used was of the vcitical type]* with a iixed clamp at 
the lower end, and a movable clamp at the top connecti‘d directly to a 
spnng balance which in turn was connected to a level By this construction 
any force applied to the lever was communicated to the grips and indicated 
on the spring balance A photograph of the machine is shown in Fig 3 

To mount a specimen m the roller gups it was first stitched at right angles 
to Its length to give an endless belt 16" long The two lollet gups weie then 
inserted in the belt, and fixed m the clamps of the testing mac hme Innally, 
the belt was stretched by separating the clamps Ihiough f()i('i‘ applied lo 
the lever. 

It is important that the bell of mateiial can freely coiiIiikM widthwise* 011 
the rollers during the stretch and it is advantageous, although m most cases 
not necessary, to reduce the friction of the specimcui .xgamst the i oilers by 
lubricating them with chalk, giaphite, 01 the like, or by rotating them 
during the ex;penment 


^ In addition, a swivel grip was suggested, which functioned in a siuiilai iiianiK^ 
to the angle grip described below but rehecl upon the pinpointing in the inaleiial to 
provide the conformity with the trellis motion 

t The vertical type was chosen m preference to a horuon{«il om* since tin fin iioual 
forces operating are in general less 
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That the roller /^iips m fact protlncu in a roncclly mounted specimen a 
state of stioss which is appieciably neai to a simple pull* is shown in Figs 
i(c) and i(d) which exhibit the same mateiial as Figs i(a) and 1(b) 11 may 
be seen m Fig j(d) that in accoidance with the requiioinents of a simple 
pull the stress is effectively homogeneous o\er the whole strip of matiTial 

* The roflcr arc not ideally suili‘d to pitiduce a simple jndl althouf<h they arc 
quite good for most practical purposes It should be noteil that each sheet of material 
has a linite thukness, and this thickness is compressed on the rollers since the inatcnal 
3 S piessod against thoiii tluniig the stretch Ihe state of stress of the material on and 
near to the rollers will thus not coiiespond to a siinplc pull, and the state of strain will 
correspondingly diliei from the ideal one However, the discrepancy is in general small, 
particularly when .sulficiently thin sheets ot mateiial are used The roller grips possess 
the disadvantage that under considerable pull “ ga2nng " of ihe seam occurs and 
introduces distortion 
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With regard to the length and widthwisc components, and also that the 
widthwise stress component is practically zero^. 

Having ensured that the roller grips produce the intended state of sticss, 
namely a simple pull lengthwise to the specimen, the states of strain 
associated in the equilibrium with the simple pulls may now be considered 
It is found that for all specimens of textile fabrics and all amounts of pulls 
applied, the state of strain is practically homogeneous over the whole area 
of the specimen. Experimental evidence for the homogeneity of the state of 
strain is easily collected It can be seen for instance, that the simple pull 
applied to a specimen as shown in Fig i(c) produces a terminal position with 
a state of strain as shown m Fig. i(d), in which the specimen remains practi¬ 
cally free from buckling and waisling, and m which a stiaight line di awn 
warp-way on the specimen in its initial position, has remained straight m 
the terminal position. Full proof of the homogeneity of the state of strain 
was obtained by examining closely the piojections of the warp and weft 
threads on the plane of the fabric. These projections approximate m the 
initial and terminal positions to a network of two intersecting scries of 
parallel and equidistant straight lines, and this fulfils the necessaiy and 
sufficient condition for the nodal points of the specimen to suffer a state of 
strain that is practically homogeneous. 

Thus the roller grips have been shown to pioducc states of stresses and 
strains that are practically homogeneous over the whole area of the specimen, 
and conform to the requirements of a simple pull lengthwise of the specimens 

Trellis Grips t In the Introduction it has been shown that any desiied 
state of strain may be produced in a material by peiforming, from its initial 
to Its terminal position, a trellis-like movement with the pinpointed network 
of lines of zero elongation Accordingly, the desired state of strain may be 
produced expenmentally by pei forming a similar movement with '*tiellis 
grips," i.e a network of inexlensible linear grips which are fixed in the 
material along the lines of zero elongation, and pinpointed to one anolhei 
where they cross 

Trellis gnps are thus essentially a means for producing a certain state of 
strain However, if it is known from piehmmary expermi(‘nts wuth otliei 
stretching frames which state of strain coriesponcls to the desired st.Lt(‘ of 
stress, then this state of stress can be produced by making the lr(‘llis gi ips 
conform to the corresponding state of strain In the particular c.ise of a 
simple pull, for instance, preliminaiy experiments on roller grips (st*(‘ fi'ig 
i(c) and i(d)) show that the corresponding state of strain is homogeneous 
and conforms therefore to a certain network of straight lines of zero elonga¬ 
tion, which remain straight when the material changes from the initial to its 
terminal position If, then, a pinpointed network of rigid grips is con¬ 
structed that corresponds exactly to the network of the lines of zero elonga¬ 
tion, and if this is fixed to the material m its initial position, then it is possible 
to impose on the material the correct strain required for the simple pull by 
expanding the network of grips trelhs-like 

For materials, such as textile fabnes, which have sufficient ngidity the 
trellis grips can be simplified considerably. It suffices merely to leplace the 
network of gnps by one parallelogrammatic pinpointed frame and to fix the 
specimen only to two sides of that frame, provided that the boundaiy of the 
material which is free from the gnps runs parallel to the diiection of the pull 
Such a "free" boundary is compatible with a simple pull since the com¬ 
ponents of a stress perpendicular to this direction are zeioj. 

* Note that the widthwibe stress component is practically zero, but that tin* 
wise strain component conforms to the l^oisson contraction and is appreLiablx tldfiTent 
from zero 

t British patent No 590639 

X In the roller gnps the belt has also fiee boundaries paiallel to the diieLtu.n of tiu* ]mll 




• Xt must be noted tliat the auf'Ie between tlie grips is complementary to the opening 
angle of the trellis, as the latter has been delincd as the angle which decreases as the 
btietch proceeds 
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were made each of a couple of i2|" x i^" x 3" mild sled bars bolted logclhcr 
by i" Whitworth bolts and the angle between the arms could bo adjusted 
and locked at any angle by a I” rod and collar system connected to the aims 
at the ends remote from the hinge The hinge was arranged to be m the line 
of gripping of the specimen 

The second type, termed paiallelogram grip conlorms to one pan of 
parallel sides of the cell and consists essentially of a pinpointed parallelogiam 
formed by two parallel clamping arms which are pivoted to two paiallol 
cross rods such that the angle between the arms and the rods can be varied 
arbitrarily. The clamping arms were built as described above and the 
adjustment and locking of the angle between the aims and the rods was by 
means of the four bolts required to hold the framework together 

The mounting of the specimens m the tiellis grips (angle- and jiarallelo- 
gram-grips) requires special attention As already mentioned i‘arUer in 
this section the correct mounting of a specimen m a trellis gap lequires 
knowledge of the trellis of lines of zero elongation in the initial position for 
the strain which is associated with the simple pull under coiisidoiation. I his 
information may be obtained from preliminary experuncnls with lollcn 
grips. Fig 4 shows the details of a correct mounting A specimen is taki‘n 
in its initial position and marked with the direction of the simple pull anti 
the directions of the two lines of zero elongation. The specimen is then 
mounted and fixed to the angle grip m such a position that the membms of 
the gnps marked A'A' and B"B', are respectively parallel to the tin eel ions 
of zero elongation marked AA and BB Similarly, in the parallehigiani 
gnp the members of the gnps marked A"A" and A"' are set parallel to A A 
while, at the same time the members B"B" and B"' B"' aie set paiallt*] 
to BB. 

Tests have been made of the resultant states <jf sli esses and sliains jno- 
duced in the trellis grips with coiTecl and mconect monniiiig ol tlie sp(‘( i- 
mens The tests were similar to those shown for the lollei giips and IIk* 
ordinary cloth testing machine in Figs i(a)-(d) The expeinnenls showt*d lliai 
the trellis grips in fact produced simple pulls and eonespoiKling slates ol 
strain, if and when the specimens were corieclly mounUsl An inetnte<i 
mounting produced m general a heterogeneous and r(nnpU*\ st«LU‘ of stuss 
and strain in the specimen with waisting and/or buckling i‘tf(‘iis ff, foi 
instance, owing to a false setting of the gnps, the trellis of the gups does not 
coincide with that of the specimen, the theory shows that tin* whoh* ar<M 
bounded by the grip contracts more quickly or less quickly than that of the 
specimen, and an the expenments there is shown cithci a buckling of the 
specimen to take up the surplus area, or a waisting to make good Ibe 
deficiency Foi larger stietches, however, the heteiogeneily becomes sr» 
great that m addition to the above effects new ones appcsir and then the 
specimen may show simultaneously waisting and buckling Onr < ould 
indeed, for not too large strains, make a first approximalioii to llu' (oni‘(t 
mounting m a purely empirical manner by fmcling the position win ic neithei 
buckling nor waisting occurred 

Fig 5 shows side by side the result of stietching the sami* sjxt imm by 
using angle grips under three diffciont conditions Jn Fig 5(1)) sinqili pull 
has been produced with a coiTcsponding homogenc‘ous slat(‘ oi stiaui l)y ,i 
correct mounting of the specimen m the angle giips, lieu* lii(‘ trellis ni ‘tin 
grips coincides with that of the specimen and thus neithei hiu kling noi waisi- 
ing occurs In Figs 5(a)—(c) arc shown cases m which the mountmg n 
incorrect, in the sense that the trellis of the gnps does not coukkU* with th.il 
of the specimen, and here heterogeneous and complex stales of Masses and 
strains appear. In Fig 5(a) the angle between the gnps is too ^nialJ, m 
fig 5(c) too large, and corresponding waisting and biu kling djects appcsn 
[One may regard the heterogeneous states of stresses and Miains oi)t.nncd 
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in the <iidm.uy riolh Irsliiif; inaclum' (sco Figs. j(a) and i(b)) as an extreme 
case f»f the type shown in Ing 5(a) In fact, the two parallel clamps in the 
oidinaiy cloth testing inathine can be legardcd as belonging to an angle grip 
with a /.ero angle between the gnps | 

A note of caution innst be added at the end. When a specimen is sub¬ 
jected to a simple pull the coinspoiiding state of strain will define a definite 
trellis of lines of zero elongation in the initial and terminal positions. If, 
then, the amount of the pull is vaiied, a concsponding variation will occur 
in the strain, and in geneial, in the tiellis lines in the two positions. As the 
grips can be aligned in the initial position only to one definite trellis of lines 
of zeio elongation, in piinciple, .my setting of the tiellis grips in the initial 
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posilioii (,iii hr roiH'ci (inly loi niu* paiticul.u U'nnmal position, and hcuco 
only loi oni* paitK'uI.n ^imounl ami diioclion ot Ihc* simple pull It must 
ifiTuin a inatt(‘t of ('\pi‘nim‘ntal invcsti|:i;ation foi which samples, and with 
what cKcuMcy, tin* same seltiiif^ <^an be used for vanous amounts of pull 
<seo next section) 

Jt may he noted that th(‘ use ot the trellis gnps is not restricted to the 
pciiticular puipose discussed .ibovt* (iood use can be made of these grips in 
all meclianKal testings winch tum at the imposition on a specimen of homo¬ 
geneous ioiidilums oi stK^ssi's and stiains in order to attain indcpcnden.ee of 
th(» l(*ngth and width of the specimen 'Fwo typical examples may be dis¬ 
cussed with i(‘f('iemt‘ to some mstimnents which have been developed m 
the Shuley InstituU* loi (nsiaui destnictional tests undci simple pull. The 
lust mstiument usts angle gups in conjunction with a C»oodbrand cloth 
testc*r to detcTmine tht‘ breaking strength of a waip- or weft-way specimen as 
a constant of the mateiial md('pendt‘nt of the dimensions of the specimen 
'I'he S(‘Coiicl instiumont uses siiniiai angle gups in conjunction with a bal¬ 
listic fatigue treatment to determine, m coated fabrics, the resistance of the 
coating against destruction under repeated strains. Here it is convenient to 
u'jc biased specimens in firdei to obtain, in the coating, maximum amounts of 
strain 

It IS undiTsioful ilial th(‘ dunensions (Tongih j,nJ width) of a spcLimcn are varied 
only within n‘gions in whuh snlhnontly l.irgo numbeis of threads are involved 
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THE BEHAVIOUR OF TEXTILE FABRICS UNDER A SIMPLE PULL 
We shall now discuss in some detail the behaviour of the specimens oi 
textile fabnes at various bias angles under the action of simple pulls of 
various amounts 

A large number of experiments weio made, hrst on the roller gups and 
then on the trellis grips For economy of space only a repicsentalivc selec¬ 
tion of the experiments are discussed together with the coriespondmg photo¬ 
graphs and tables (see Plates I to IV and Tables I to VIII) supplemented by 
diagrammatic schemes to illustrate the mam points 

This discussion will show that the displacements of the nodal points con¬ 
form to the principle of maintenance of continuity (theory of strain), t e. 
that under simple pulls the yarns of the specimen aie displaced <is if Ihiw 
weie pinpointed to one another at the nodal points, and that in tluse dis¬ 
placements the components of the vector of displdccrntml vaiy in ai'coid- 
ance with the linear function of the co-ordinates of these points With legaul 
to the theory of stress-strain relation we shall prove that the sliamed speci¬ 
mens exhibit the phenomena of evadtuff acHon and Potsson effect predicted 
in the theory for anisotropic media. For ease of refeience, the specimen is 
assmned to be taken from a woven fabric, and the Ihieads acrordingl). 
distinguished as warp and weft, the consideiations for knitted fabnts atV 
similar except that the terms warp and weft have to be leplaced by wales 
and courses. 


(1). Pinpointing at the Nodal Points 


When a specimen changes from its initial to a teimmal position the 
threads will, m general, change their length and oiientalioii, in addition lhe\ 
may either keep the point of contact at eveiy nodal point iiiu'liangeil as if 
they were pinpointed there, or alternatively they niay glide ovei oiu* aiiolhei. 

The expenments show that each sample fabuc b(*haves uud(*r .i simple 
pull, up to a certain cntical value, as if the thuvids \wvje pinpoinU^cl lo one 
another at all the nodal points It is piobable that this piiipoiiiling is due 
to the fact that the pull tends to pi ess the ciossing thieads against one 
another at the nodal points and thereby incoMsi* the tiKlion.il forces bv 
which the threads arc interlocked 

There are a number of difieienl expeumeiital Jacls which piovidt* 
independent evidence for the pinpointing A ineie cmrsoiy insiiei lion ot 
the photograph provides evidence as it is seen that the markings whu'h weiv 
imprinted on the specimens m their initial position leUin their well-didmed 
and distinct features in all terminal positions Ihis evidence^ is best appit‘ 
ciated by considering that similar markings, imprinted in the initial ixisilion 
on a matenal such as a sliver, in which the fibns are not pinpointed to out* 
another, show m the terminal positions signs of incieasing dismlegiation 
and haziness with increasing amounts of pull This wms conlnmed bv 
expenments. 


There is anothei phenomenon which strongly suppotls Ihi- evKleiuc h.i 
the pinpoint!^ Starting with wounded specimens, in wliieli sonic Ihic.ids 
were cut deliberately at a number ot points, suftuieutly dist.inl lioiu mu- 

application of simple puUs (he li.ignu nls of 
f displaced in a way which is indistinguish.iblc (wilhin the 

limits of the accuracy of observation) from the way m winch llu- unint 

t of dispkceraenl can be u-.idilv 


ooi^in?^*!? Ptotograplis provides full piooi of llic pin- 

ck initial position all lines drawn on the surface of a fabric 
nnTnhrtf *^®ads, aie borne partly by the warp and partly by llic wcf( 
and photographs of these lines in the terminal positions show^ Ihit aHhougl; 
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cvciy such hnv bri'uks up into a discontinuous bones of fragments'’ borne 
respectividy by the* warp and weft threads, all nodal points which were on 
a lm(‘ in the initial position ai(‘ on the same line in the terminal position. 
Since the d(‘tails m the* photogiaplis are too small to be recognisable in the 
reproduction, schematic diagiams lugs. 6(a) to 6(c) are given instead. Fig. 
6(a) corresponds to the initial position. It shows at a nodal point the inter¬ 
section of cl waip and weft thiead, and the coriespondmg intersection of a 
pair of lines drawn on the suiface of the fabric along these threads. 

As the w\*ft ciosbcs over the warp at this nodal point it is seen that the 
line drawn weft-way is borne only by the weft thread, whilst the Ime drawn 
warp-wav consists f>f three frngm(*nts, the two outer ones borne by the warp 



thread, and llu* inntT r>ne by the wc'ft ihiead. For distinctness the parts ot 
the inaikings home by the waip t]iii‘ad aie giey, w’hilst those borne by the 
weft thuMcl die black, lug. ()(b) e()iii‘spoiids to a terminal position with pin¬ 
pointing at the nodal point. 'I'his pinpointing (absence of gliding) shows up 
m th(* ‘'mtegiity " of the point of intei*sectu)n, i.e. the fact that the same 
point of intersection is common to all the ditfetent fragments of the two 
lines. Hy contrast lug fi{c) coiiesponds to a terminal position for a hypo¬ 
thetical cast* with gilding at th<‘ nodal point Ihis gliding shows up as a 
disintegration in th(‘ fact that the different fragments have more than one 
point of mtcTScctioii 

In all the expennu^ntb lecoided in the photogiaplis and Tables II to VIII 
wc found that pinpointing at the nodal points was maintained in the sense 
that, within the accuracy of our observations, we were unable to detect any 
trace of gliding, even at cdnsidtTablc stretches 

In order to find out the limitations of the pinpointing some bias speci¬ 
mens were examined in which the two grips that applied the simple pull 
weie not attached to the same sets oi threads!, and the amount of pull was 
incieased up to the* critical value at which the specimen disintegrated. The 
pull on the grips will then induce a tendency for the two senes of threads 
held icspcclively m the upper and lower grips, to glide over one another at 
the nodal points, and such a gliding—if it were present—could be easily 
observed at the edges of the specimen where the free ends of the threads 
project; moicover—if gliding wcic present—a simple pull of ever increasing 
amount would ultimately disintegrate the specimen without breakage of 
threads, and would, m general, yield three portions, one containing the 

^ This break up shows that the principle of maintenance of continuity is not satisfied 
for the fabric as a whole, but only for its nodal points 

t Jn j^oncral tins can be atlainecl by choosing a bias specimen with a sufficiently high 
ratio of length to width 
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senes of threads held in the upper gnps, another containing similar senes 
held in the lower gnps, and a third containing the senes of threads that are 
held in neither of the gnps A close examination of the specimens of the 
vanous samples showed that in all types of kmtted and woven fabncs, 
mcludinff the very loosely woven fabncs (samples A, B, C and D) and the 
fabric with viscose rayon weft yam (sample J) the pinpointing was main¬ 
tained m general over all magnitudes of simple pulls up to the breaking 
point of the yams, no trace of gliding being detectable. Gliding in the 
mtenor* can, in fact, be produced only under a combination of exceptional 
conditions, such as occur when specimens of fabncs of very loose weave or 
constructed from very shppeiy yam are tested under a bias angle of about 
45*^; even then, pinpointing is maintained for simple pulls below some 
critical value (say up to 25 per cent, stretch) and only when the pull is 
increased above the critical value will gliding occur suddenly, and once the 
gliding has started the specimen will disintegrate by gliding into the three 
portions referred to above 

The practical implications of the pinpointing may now be considered. 

Textile fabncs suffer, under service conditions, m addition to external 
abrasion, pulls in vanous directions, and these pulls would lead to an internal 
wear of the fabric by abrasion of the threads through their gliding over one 
another, if such a glidmg were not prevented through the pinpointing of the 
threads at their crossmg points. Pinpointing thus provides a safeguard 
against internal abrasion and, m point of fact, the fabncs in service usually 
wear out under external abrasion before any sign of internal abrasion is 
noticeable. 

Pmpointmg also helps in safeguarding textile fabrics against rupture 
When a fabnc under load is wounded locally through some accident, say, 
the pinpointing of the threads at the penphery of the wound will transfer 
the load from the severed or weakened sets of threads to the ones not affected 
by the accident. The wound is thus virtually sealed off by the pinpointing, 
and this will restrain the tendency of the wound to spread under a load and 
to develop into a mpture of the fabnc 

The practical importance of the pinpointing is enhanced by the fact that 
it persists over a large vanety of different mechanical actions, Howcvci, 
there are conditions under which the pinpointing fails. One well illustrated 
example is in the slippage of threads in sleeves of garments. In some gar¬ 
ments—^particularly fairly open twill or sateen weave fabncs constructed from 
slippery rayon yams—difficulty is experienced m seaming two pieces of 
the fabnc together so as to prevent slippage of the threads through the 
stitched seam. This slippage may be prevented by careful attention to the 
constmction of the stitched seam but it should be noted that the threads of 
the fabnc are prone to slip in the body of the fabnc under certain mechanical 
actions For example, m the sleeve of a jacket or blouse there is a repeated 
bending and flexing at the elbow, and it might be expected that the local 
stresses at the outside of the elbow would lead to slippage of the threads of 
the fabnc in this position In point of fact, slippage at this point rarely 
occurs and is much more prevalent on the inside of the elbow The reason 
for this IS found in the fact that at the outside of the elbow the threads are 
pressed against one another under stress, and this increases the frictional 
forces operative at the nodal points, at the inside of the elbow the threads 
tend to be less firmly pressed together at a nodal point and hence slippage 
may occur 

* Apart from the gliding in the mtenor one can observe a gliding at the exposed 
nodal points along the free edges of the bias specimen when the puli is raised ovei a 
certain critical \ alue . such gliding results only in a fraying of the edges and mav here be 
left out of the discussion since it is entirely due to the choice of non-icleal boundar\ 
conditions and ma> be a\oided b\ using specimens which have no exposed nodal points 
as for instance a specimen tliat is sewn along its free edges so as to form a tube 
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Trellis of Bias Specimens of Fabric (A) (Roller Grip Experiments) 
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Trellis of 22J° Bias Specimens of Various Fabrics (Parallelogram Grip Experiments) 
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Table VIH 

Collected Values of Trellis for Initial Position (—22^° Bias Angle) 


Serial 

Jetter 

Fabnc 

Kollei gnps 

1 


Trellisgrips 


Angle 

Pardllelogram 

Opening 

angle 

degrees 

Evasion 

angle 

degrees 

Opening 

angle 

degrees 

Evasion 
angle Xo 
degrees 

Opening 

angle 

degrees 

Evasion 

angle 

degrees 

A 

48 

18 

48 

17 



B 

48 

22 

48 

24 1 

_ 


C 

47 

19 

47* 

25 

_ _ 

_ 

D 

48 

19 

48 

21 

- 

, 

E 

4U 

20^ 

— 

— 

50 

204 

.F 

51 

10 

50 

101 

_ 

— 

G 

45 i 

2H 

451 

22| 

— 

_ 

H 

48 ! 

19A 

-— 

— 

46i 

24 

I 

48 

22| 

45 i 

21i 

— 

—. 

J 

44 ' 

22 

— 

— 

44 

20^. 

K 


271 ' 

— 

— 

52J 

264 


' (2) Linearity 

It has already been shown in the previous section that a homogeneous 
state of strain is produced by a simple pulL All experiments m the roller 
and trellis grips have confiriried this as was shown with reference to Figs i(c) 
and i(d) Further evidence to the same effect is seen in the photographs 
from the fact that the circle drawn in the initial position becomes an ellipse 
m the terminal position This is proved in a quantitative way by the data 
given in Table II wheic the experimental measurements are compared with 
the theoretical values. Departure from linearity, however, may occur in 
heavily starched or tilled textile fabrics. As evidence of this a bias specimen 
of filled scrim fabric, actually a heavily starched "anti-scatter'* netting 
for the protection of windows, was marked with a circle and stretched 
between roller gups in the usual manner In this case the circle changed 
into a " distorted ellipse ** with a very lagged boundary, the distortion being 
^ due to an iricgulai failure of the cementing film under the swivelling of the 
threads. 

(3) Evading Action and Poisson Effect 

When a specimen of fabric is subjected to a senes of simple pulls of 
increasing amounts its behaviour may be observed by a study of the changes 
in the markings imprinted on the fabric 

Plates I and II illustrate the behaviour of the sample fabnes (A) and 
(F), respectively, specimens of which have been subjected m the roller gnps 
to simple pulls in various directions and to various amounts The photo¬ 
graphs are in seven lows, corresponding respectively to seven specimens, 
cut out at bias angles of o°, -67^®, ”79''» ^md -90° 

In each row the direction of the pull is kept constant and the amount is 
steadily increased from left to nght 

Plate III shows in a similar manner the behaviour of the different kinds 
of fabric, (A) to (G), m specimens that are all cut out at the same bias angle 
of -221® and stretched m roller gnps by gradually increasing amounts of 
pull 

Plate IV finally shows the behaviour of some of the same set of fabrics 
for specimens that are also cut out at bias angles of -22|® but stretched in 
angle or parallelogram gnps 

The photographs, reproduced m Plates I-IV, show the patterns of mark¬ 
ings in the initial and terminal positions These patterns imply a complete 
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characterisation of the stresses and strains involved and in older to appre¬ 
ciate the implications we shall make the characterisation explicit 

The stress and the strain can be charactensed m the terminal position by 
the directions and values of their mam axes For the stress, in this case the 
simple pull, one mam axis, termed major, has a value equal to the amount 
of pull per unit width of the specimen in the terminal position, and has a 
dirS:tion extending lengthwise m the specimen, along the central marked 
line. The other mam axis, termed minor, has always zero value, and extends 
perpendicular to the direction of the pull, that is widthwise m the specimen, 
and at right angles to the marked central line For the strain the mam axes 
coincide m values and directions with those of the strain ellipse In general, 
these axes rotate from the initial to the terminal position by an angle referred 
to as the angle of rotation 

Woven and knitted textile fabnes are anisotropic materials For these 
the relationships between the stresses and strains allow the directions of their 
mam axes to deviate from one another, the deviation depending on the bias 
angle under which the simple pull is applied In the general case, that is for 
a simple pull at an arbitranly chosen bias angle, the directions of the mam 
axes of the stress differ from those of the strain and the specimen appears to 
execute an evading action since the maximum elongation occurs in a direc¬ 
tion which IS at an angle to that of the pull The angle of evasion is defined 
as the angle between the major axes of stress and strain, i.e between the 
direction of pull and the major axis of the strain ellipse The strain here is 
compounded of a pure strain, extending its main axes at finite angles to the 
length and ''width'* direction, and a rotation which turns the specimen 
round and brings the direction of maximum elongation nearer to that of the 
pull. In special cases, that is for a set of specially selected bias angles, the 
deviation between the directions of the mam axes of stress and strain will be 
zero in the mltial position, and then the specimen will suffei a strain which 
is a pure one, free from evasion and rotation. 

In addition to the deviation in the directions thcie is for the sliess and 
strain a disparity in their mam values, as for the stiain both values arc finite, 
while for the stress, one is finite and the other zero This gives ns<? to a 
Poisson effect, that is to an elongation lengthwise combined with a conliac¬ 
tion widthwise 

In the expenments with the endless belt specimens on ioiler grips, the 
Poisson effects with and without evading action show up lathei stiikmgly 
m the behaviour of the specimen In the experiments with the trellis grips 
the effect is less stnking, because the evading action and the Poisson effects 
have been anticipated m the location and movement of the grips so that 
relative motion between them and the material is eliminated 

Plate III shows photographs of roller gnp expenments for a vaiiety of 
sample fabrics, (A) to (G), where the direction of pull is chosen arbitianly, 
at a nominal bias angle of The belt here suffers a compounded 

strain extending lengthwise and contracting widthwise in accordance with 
the Poisson effect, and evading the direct action of the pull, as a ciiclc drawn 
on the fabric extends into an ellipse in a direction different from that of the 
pull In this evading action, the belt is seen to suffer a pure strain with 
maximum elongations and contractions occurring m directions oblique to the 
length and width directions of the specimen, and to suffer, in addition, a 
rotation which carries parts of the specimen over the i oilers, in spite of the 
strong frictional forces present, one free edge of the front sheet of the belt 
moving upwards over the rollers, and the other free edge of this sheet moving 
downw^ards The movement over the rollers can most readily be observed 
by putting the seam of the belt near to the rollers m the initial position 
Plate IV shows photographs of a similar series of expenments earned out 
in trellis grips. 
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When the direction of the pull is systematically varied over the full circle 
of directions for the same fabi ic, the variation of the Poisson effect and of 
the evading action with the change in the direction of the pull can be seen. 
In this way it is possible to determine the directions along which a pull pro¬ 
duces a puic strain with no evading action, and a Poisson effect m which 
the maximum changes m length occur lengthwise and widthwise m the 
specimen 

The presence or absence of an evading action is related to the precise 
character of the anisotropy of the matenal, in this case to the change over 
a full circle of directions, of the extensibility of the fabric under the action 
of a simple pull For a continuous change of the bias angle, the extensibility 
along the direction of pull varies continuously and assumes extreme values, 
alternately maxima and minima, in certain special directions The com¬ 
plete set of such special directions will always include the directions of 
symmetry, m this case the two yarn directions m the fabric, since along 
a direction of symmetry every properly of the fabric must assume an extreme 
value compared with neighbouring directions For woven fabnes the 
extreme values along both yarn directions are minima, and one must there¬ 
fore expect that m every quadrant bounded by the yarn directions the 
extensibility in changing from one minimum value to the other must pass 
through at least one other extreme value, a maximum In fact, in the 
quadrant of bias angles investigated, the experiments show the existence of 
such a maximum in directions near to the bisectrices of the warp and weft 
with bias angles approximately ±45®. This distribution of the maxima and 
minima is characteristic of all the woven fabrics Plate I shows for a typical 
example (sample A) the results of experiments m a systematic senes of bias 
angles of nominal values 0°, -11°, -45°, ”67^°, -79°, and -90° 

A compounded strain, with an evading action and Poisson effect is seen at 
all bias angles except at 0®, “-45° and -90°, corresponding to the set of 
special diiections of pull for which the strain is a pure one with main axes 
along the length and width of the specimen. The quantitative data for the 
experiments on the sample A of a woven fabric are collected m Table III 
With regard to nb knitted fabrics only one sample was investigated and for 
this the extensibility was a minimum m the direction of the wales and a 
maximum in that of the courses, and by virtue of this alternation of maxima 
and minima one need not expect any further extreme values In fact in the 
expenmenls none was found Photographs are not reproduced here but the 
quantitative data are given m Table V 

For all the samples of woven and knitted fabrics the set of special 
directions along which the mam axes of stress and strain are parallel fno 
evading action) must be identical with the set of directions along which the 
extensibility has an extreme value 

All matenals which are isotropic in their natural state"^, show in stressed 
and strained states a relationship between the stress and strain such that the 
directions of their mam axes coincide Here, therefore, there will be no 
evading action under simple pulls, and no rotation, as each specimen can 
suffer only a pure strain, with extreme changes of length occurring actually 
along the two directions of the main axes of the pull, i e lengthwise and 
widthwise in the specimen 

Even m this case, however, the specimen will exhibit a Poisson efiect 
which reveals a dispanty between the corresponding main values of the 
stress and strain 

The above-mentioned featuies have been confirmed expenmentally 


* At rest and free from mechanical actions 
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(4) Relationship between Stresses and Strains m Textile Fabrics under a 
^ Simple Pull 

This section contains a brief account of the theory of the quantitative 
evaluation of the relationship between stresses and strains m textile fabrics 
under a simple pull The data are derived from the pattern of markings 
impnnted on the specimen m the initial position. 

The stress, i e the simple pull, has in the fabnc a certain direction which 
is marked by the central line and which is specified by the bias angle between 
this line and the warp direction marked with an arrow head The mag¬ 
nitude of the stress is not shown in the marking. 

The strain requires a more detailed description which is given for the 
initial and terminal positions m terms of the classical theory, in terms of the 
trellis model and m terms of the structure of the fabnc by the warp and weft 
changes. The parameters specifying such a description are implicit in the 
patterns of marking, but the explicit evaluation requires either numerical 
calculation or graphical constructions 

The graphical construction is illustrated in Figs 7(e) and (f) where M„ 
and M are the central points, Hojo and HJ the direction of pull, and the 
subscnpt zero refers in all symbols to the initial position and symbols with¬ 
out a subscnpt to the terminal position 

For ease of identification dotted lines are used for the strain ellipse (P„ 
and P), chain lines for the reciprocal strain ellipse (Qo and Q) and thick full 
lines for the lines of zero elongation (R'oR"« and R'R") 

Figs 7(a) and 7(b) show respectively in the initial and terminal positions, 
the markings on the specimen, namely, the central point, the strain ellipse 
and the arbitrary direction fixed m the medium (UnVo and UV) This latter 
is marked wath an arrow head and corresponds to the warp direction in the 
fabnc. 

The transfer from any marking in any one position to the corresponding 
marking m the other position will be based on the principle that the co¬ 
ordinates of any point have the same value in the two positions when the 
axes of coordinates are chosen along the lines of zero elongation 

For the full specification of the strain it is necessary to complete the 
patterns in the two positions The first stage concerns the terminal position 
as shown in Fig 7(d). On the strain ellipse (P) a concentiic unit circle (Q) 
is superposed, to represent the reciprocal strain ellipse Tht^ points of inter¬ 
section between the two curves of second degree determine the lines of zero 
elongation (R' and R") and the bisectrices of the angles between thc^se lines 
determine the magnitudes and directions of the main axes of the strain ellipse 
Finally two radu of the strain elhpse are drawn along the warp and weft 
directions and also two tangents parallel to the radii These lines have been 
omitted from the figure in order to avoid overcrowding. 

The second stage concerns the initial position The unit circle (P,,) repre¬ 
senting the strain ellipse is already shown and the pattern is completed by 
the use of ^e pnnciple of transfer explained above for some selected points 
The point of intersection between the strain ellipse and the direction of 
pull IS seen in the two positions as Lo and L respectively, and the coordinates 
along the lines of zero elongation are known in the terminal position as ML' 
and ML" If then one constructs the triangle on the base M,Lo with 

sides McLo' and LoLg' equal lespectively to ML' and LL', and similarly the 
triangle MoLo"Lo, one obtains m the initial position the lines of zero clonga- 
tion (Ro"' and Ro") along the lines MoL/ and MoL„" The reciprocal strain 
ellipse is then constructed from its mam axes M„Xo and M„Yo which are 
formed by a transfer of the points X and Y in the manner explained for the 
point t. 

Finally^ one has to draw along the warp and weft directions two radii 
of the unit circle which represents the strain ellipse, and two tangents 
parallel to the radii. 
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The complete patterns exhibit for the two positions all parameleis 
required for the full specification of the strain, and these parameters can noM 
either be measured up or calculated trigonometrically from a rhombus of 
sides of unit length parallel to the lines of zero elongation as shown ni 
Figs 7(e) and 7(f) 

It has been found convenient to measure directly in the pattern the trellis 
characteristics of the strain, 1 e. the orientation of the trellis lines in the two 
positions as given by the opening angles of the trellis (2 to and 2 e) which 
dinunish by the strain and the angle of evasion (xo and x) with 2eo and 2? 
equal respectively to R'oMoR"„ and R'MR" and xo and y equal to AoMoJo and 
AMJ respectively (Fig 7(c) and 7(d)) 

Then the classical strain charactenstics, 1 e. the values and onentations 
of the main axes of strain, were deduced algebraically As the diagonals of 
the rhombus change from 2 cos eo and 2 sin go to 2 cos f and 2 sin f the 
values of the mam axes {a and b) are found as. 


sin € 
sin eo 


( 2 ) 


while the orientations with respect to tlie length direction of fhe specimen are 
specified by the angles of evasion yo and y and (yo + 90) and (y + qo) 
respectively, 

Fmally the charactenstics of the strain in terms of the changes in warp 
and weft were derived Taking first an arbitrary vector in the two positions 
MfiEo and ME, respectively, one denotes the angles (E„MoJo and EMJ) 
between the vector and the direction of pull by 0(, and 0 and the angles 
(EoMoAo and EMA) between the vector and the major axis of strain by lio 
and xj/. Consider the tnangles MoEoAo and MEA, and note that the lengths of 
the sides along the lines of zero elongation must be equal (ArtE„=AE), and that 
the strain changes in length all lines in the directions of the mam axes m the 
ratio a 1 and 6; i, respectively The changes in orientation of the vecioi 
are then given by 


tan tan {0-y) b * 

The change in length (that is the elongation, A) of the vector is given by 

__ MN_MflN„ ^ a cos (</;„ - y,,) 

cos (0“x) cos (00-yo) cos (0 -y) 


A=ME>-MoEo=“ 


and in combination with (3), A is found in the initial position 


A= \/fl®cos'*(0o-yo) 4 6*sin®(0,~-y„) 
and m the terminal position 


(4) 


^ VhW(0-y) + flW(0-y) 

The changes in the density of a senes of lines parallel to the vector aic then 
found from the formula 


___I 

a*sin"(0o-yo)"*'6=cos'‘‘(0„-yo) * 

Now the wa^ threads have, in the two positions, an orientation which is 
specified with respect to the direction of pull of the specimen, by the angles 
(fia and 0 equal to the bias angles ^0 and ^ 

The changes in tl^ warp are then deduced from the equations (3 to 6) by 
substituting ^0 and ^ for 0o and 0. m 

A similar treatment can be used to give the changes in the weft 
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Foi purposes of cross checking one deduces from (i) and (2) 

lan.„= 

tan f = , (7'1 

and from a comparison of the rhombus m Fig 7{eJ and that in Fig 7(f)— 
tan ^ tan x _ a 

tan e tan xo 6 ‘ ^ 


(B) Application of a Trellis model to Represent the Experimental Results 

According to the theory it is possible to represent by a trellis model the 
experimental results obtained in a specimen of fabric which is strained fiom 
an initial to a terminal position by a simple pull of given direction and 
amount The trellis consists of two intersecting series of straight rigid lods 
which are pivoted to one another at the crossing points by pinpointed joints 
It will serve as a model when it is adjusted to the experimental conditions 
such that in either position its pinpointed joints coincide with the nodal 
points’*' of the yarns in the specimen, and its senes of rods extend in the 
directions of the lines of zero elongation, which aie not necessarily aligned 
with the directions of the yarns 

For the adjustment it is necessary to ascertain by preliminary experi¬ 
ments the directions of the lines of zero elongation in the initial position, and 
the elongation lengthwise which the specimen suffers m the direction of the 
pull during the transition from the initial to the terminal position The model 
can then be correctly set in the initial position and will reach the correct 
terminal position m an experiment in which a pull applied to the model 
stietches it lengthwise to the predetermined elongation 

In such an experiment the behaviour of the model accounts directly 
for the behaviour of the specimen with regard to all characteristics of the 
strain from the initial to the terminal position The characteristics include 
those discussed in the sections dealing with the pinpointing, linearity, Poisson 
effect and evading action, and those which refer to the shape and area of < 
the specimen, to the yam structure, to the pattern of markings imprinted on 
the specimen m the initial position and to any other pattern so imprinted. 

A ngorous check'was made for all the above-mentioned characteristics 
of the strain in order to ascertain the degree of conformity between the hypo¬ 
thetical experiment on the model and the actual experiment on the specimen 
This check was made by deducing all the theoretical characteristics' (Th) of 
the strain from the appropriate trellis model and comparing these with the 
observed data (Ex), An example is given in Table II for fabric I and m 
general the agreement is within the experimental error introduced 

Figs 8(a) and 8(b) illustrate diagrammatically the expenment on the trellis 
model for a general case, that is for an arbitrarily chosen direction of pull 
m an anisotropic material, such as the specimen of fabric under considera¬ 
tion The illustrations show the direction of pull as a line bearing an arrow 
head, and the trellis model as a representative rhombohedral cell, or rhombus 
for short, which can be made up from four straight ngid rods pivoted to one 

* A model with pinpoints coinciding with every nodal point of the fabric or with an 
arbitrary selection of them would in general have crossing points not coinciding with 
nodal points (complete coincidence would only be possible if the linos of zero elongation 
lay along the yarn directions) It is possible, however, to make a selection of nodal 
points giving as: close a coincidence as desired with a complete set of pinpoints 
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another at the corners of the rhombus *** It will be noted that the diagonals 
of the rhombus are the directions of the mam axes of strain, i e the direc¬ 
tions along which the maximum changes in length occur. In the initial 
position the model and the direction of the intended pull are given as 
indicated m Fig 8(a), with the directions of the diagonals of the rhombus 
inclined at arbitrary angles to the direction of the pull in accordance with 
the requirements of the general case. If then the pull is applied the model 
will suffer a strain, and will reach a terminal position, as indicated m Fig 8(b), 
when the elongation of the model in the direction of the pull has reached the 
amount observed m the specimen A comparison between the Figs 8(a) and 
8(b) reveals the vanous characteristics of the strain The characteristics of 
pinpointing and linearity are seen for the trellis lines in the maintenance of 
their points of intersection and of their straight linear form, while the 
charactenstics of the Poisson effect are recognised by the changes m length 




parallel and perpendicular to the direction of pull (that is lengthwise and 
widthwise in the specimen) these changes being coupled As in the initial 
position of the rhombus there is an angle between the direction of the 
intended pull and the direction of the diagonal which can suffer the maximum 
elongation, the strain resulting from an applied pull shows the characteristics 
of an evading action with the rhombus suffering, m transition to the terminal 
position, a pure strain and a rotation In this pure strain the rhombus 
suffers a change in shape, with maximum elongation occurring at an '' angle 
of evasion " to the pull along one diagonal and maximum contraction occur¬ 
ring along the other diagonal. In the rotation the diagonals of the rhombus 
are turned relative to the direction of pull by an angle of rotation, in such a 
way as to diminish the angle of evasion from the initial to the terminal 
position Thus the model accounts for the pinpointing, linearity, Poisson 
effect, and evading action. Moreover the model will change any point fixed 
on it in the one position, to the corresponding point in the other position in 
accordance with the principle of transfer given in the preceding section, and 
30 account, without calculation, for the changes m the yarn structure, in the 
pattern of markings , and in any other pattern imprinted in the initial position 

^ model of this type was made from a “ Meccano " set and used for experinicnts 
as described abo^ e 
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Finally, the model accounts simultaneously foi the trellis cbaractenstics of the 
strain, and foi the classical ones, as well as those given in the terms of the 
yam structure 

The practical value of the tiellis model is considerably enhanced still 
further by the empirical fact that in all the specimens of textile fabrics under 
examination, the trellis characteristics calculated for the initial position vary 
only slightly with the amount of pull. 

A detailed examination of all the experimental results shows that with 
increasing amounts of pull there is a slight change in both values, and 
Yo, and this change is small (less than about 3®) except for some specimens 
of cr^pe and knitted fabrics (samples K and F), where for stretches over 25 
per cent , larger variations are found, up to about 12° The variation in 
the trellis charactenstics eq and yo is, m fact, so small as to be negligible for 
many practical purposes, and then it is possible to use in the initial position 
of any gi\en bias specimen the same trellis model for all amounts of pull 
applied The model here envisaged will be an average one. Its opening 
angle and evasion angle m the initial position, with values and Yo say, 
will conveniently be calculated from the antlimctical means of the values 
60 and Yo which are observed for different amounts of pull A typical 
example of the agreement reached by using a single trellis model foi all 
amounts of pull is shown in Table II for a specimen of fabric I, which has 
been subjected under a bias angle of to different amounts of pull by 

roller grips and trellis grips The agreement is seen from a comparison 
between the columnar subdivisions marked Ex and Th which correspond 
lespectively to the actual observed values of the strain and those calculated 
from the model with average characteristics fo and y«,. 

The use of the same trellis model in the initial position for different 
amounts of pull is particularly convenient when it is required to test a 
specimen of fabric in trellis grips. In such tests the grips may be set m the 
initial position once and for all at the angles e„ and yo, determined from pre¬ 
liminary expenments on roller grips, and a series of states of strain which 
are sensibly homogeneous over the whole area of the specimen may be 
produced by gradually increasing the amounts of pull applied Examples of 
such tests are shown in the Plates III and IV. Plate III refers to roller grips 
m which different samples of fabrics have been tested under bias angles of 
—22j° with various amounts of pull. For each specimen the average 
characteristics of the trellis were calculated for the initial position and trellis 
grips (angle or parallelogram) were then set accordingly Plate IV shows 
the results obtained for various amounts of pull with these settings. The 
absence of appreciable waistmg or '"buckling in the specimens confirms 
the applicability of the same trellis model for all amounts of pull 

Having disposed of the slight variation of the trellis model with the 
amount of pull applied, this vanation will now be neglected and the con¬ 
stitutional significance of the model brought out by studying its variation 
with the structure of the bias specimen under investigation 

(6) Structural Significance of Trellis Model in Textile Fabrics 

The structural elements of the trellis model, that is the two series of 
straight rigid rods, and the pinpointed joints which link the rods to one 
another, are associated in a certain way with the yarn structuic of the fabric 
Attention has already been drawn to the fact that the pinpointed joints of 
the model can be identified with the nodal points of the yarns since these 
points are maintained intact throughout all the expenments It thus remains 
to mvestigate here the relation between the ngid rods in the model and the 
yarns in the specimen of fabric 

Suppose that two corresponding experiments arc made by applying simple 
pulls to a specimen of fabric and to the appropriate trellis modcf In these 
expenments the specimen and the model are assumed to he m the same plane. 
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and m it one may represent the specimen by two intersecting senes of straight 
lines drawn along the yarn directions, and the model by two similar senes of 
hnes drawn along the rigid rods in the directions of zero elongation 

When a simple pull is applied and correspondmg states of strain are 
obtained in the specimen and in the model it is found that the charactenstics 
of pinpointing and linearity, discussed in the preceding sections, allow the 
strain to be produced only by certain mechanisms In the specimen two 
mechanisms are allowed, 

(а) a trellis mechanism which produces a strain merely by a change m 
orientation of the representative lines, their length being maintained 
constant, and 

(б) a stretching mechanism which produces a supplementary strain' 
merely by a change in length of the representative lines, their 
orientation being maintained constant 

Mechanisms (a) and (b) will in general make their contributions to the 
total strain since there is nothing to prevent the occurrence of a change in 
orientation and in length"’ of the lines which represent the yarns of the fabnc 

In the model, on the other hand, only mechanism (a) is allowed while 
(b) cannot operate since the representative lines are here defined as lines of 
zero elongation 

In Tables II to VII are given the experimental data concerning the 
changes in all the representative lines of the specimens and of the models 
For the specimens the contributions made by the two mechanisms are 
separated and tabulated respectively under the headings Orientation, and 
Length of Warp and Weft or of Wales and Courses It is seen that both 
contributions depend in general on the structure of the specimen and on the 
direction (bias angle) For the model there is only the mechanism [a) 
operative and its contribution is recorded under Orientations of the Lines of 
Zero Elongation 

For the discussion of the expenmental evidence first visualise an idealised 
fabric with warp and weft threads, or wales and courses so mextensible that 
the fabnc is mextensible along the directions of the representative lines of 
these elements Here, then, the inextensibility will prevent the mechanism 
(b) from operating, and will allow only the mechanism {a) in which the lines 
representng the yarns of the fabnc will coincide with those repre¬ 
senting the trellis lines of the model Here the structural significance 
of the model is evident There is a complete coincidence between the repre¬ 
sentative lines of the structural elements of both the ideal fabnc and the 
model, and this coincidence is mdependent of the bias angle, the amount of 
pull, the structural details of the fabric, etc 

The actual fabnes under investigation deviate from the idealised kind 
discussed above to a greater or less degree in accordance with the amount of 
extensibility which they permit m the directions of the lipes that represent 
their structural elements Here the structural significance of the model is 
less obvious and requires detailed examination which, must cover in prin¬ 
ciple the initial and terminal positions It suffices, however, to consider the 
initial position only, since similar considerations apply to the terminal 
position 

Having disposed in a preceding section of the slight variation of the 
trellis model with the amount of pull applied this variation will now be 
neglected and the structural significance of the model brought out by study¬ 
ing the variation of the model with the direction of the pull, that is with 
the bias angle of the specimen It will be advantageous for a detailed dis¬ 
cussion to classify the fabrics with regard to the magnitude of the contnbu- 

Thc chs-ngG m Iciigth of ttiG rcprcsGnt 3 ,tivG lines of 1^116 yarns is due "to a larce extent 
to a change in crimp and only to a comparatively small extent to a change in length of 
the actual yarn In general, there is a crimp interchange, one set of threads mcreasinff 
in crimp, and the other decreasing ® 
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ton made by mechanism (b) Iwo widely separated classes are obtained 
containing respectively the different varieties of woven and of knitted fabnc 
Consider first the woven fabncs Here the extensibility under pulls in 
the vanous directions shows a characteristic distnbution over the full circle 
of bias angles The distribution is symmetrical to the warp and weft direc¬ 
tions (in accordance with the structural symmetry of the fabric) and the 
value of the extensibility changes with the bias angle in a wave-like form, 
passing through sharp troughs with minimum values at the bias angles corre¬ 
sponding to the directions of warp and weft, and passing through flat crests 
with maximum values at bias angles near to, or coinciding with, the bisec- 
tnces of the angles between the warp and weft directions The full circle 
of bias angles may thus be divided roughly into two complementary sets ’of 
sectors, corresponding respectively to the troughs and the crests of the wave. 
One set of sectors with small 'walues of extensibilities (corresponding to the 
sharp troughs of the wave), consists of four narrow sectors which are centred 
on the directions of warp and weft, and a pull here produces a strain by 
operating mainly mechanism (6) there being appreciable changes m length 
along the two yarn directions and smaller or zero changes in the angle 
between these directions The other set of sectors with comparatively large 
extensibilities (corresponding to the flat crests of the wave), consists of four 
wide remaining sectors that are centred on the directions near to or coinciding 
with the bisectrices of the angles between the warp and weft directions, and 
here a pull produces a strain by operating mainly mechanism {a) there being 
appreciable changes of the angle between* the two yarn directions When 
the trellis models in the initial position are constructed for the various bias 
angles the structural significance of the model is shown by comparing the 
directions of the trellis lines with the directions of lines drawn on the fabric 
along the yarn directions The significance is hardly noticeable m the first 
set of sectors where the mechanism (6) predominates but is well m evidence 
in the second set of sectors where the mechanism {a) is of primary importance. 
Here there arc two directions of pull, near to or coinciding with the direc¬ 
tions of the bisectrices of the angles between the warp and weft directions, 
where the mechanism (b) does not operate at all and for these directions of 
pull one trellis line can be identified with the warp, and the other with the 
weft As the bias angle is changed and the direction of pull deviates towards 
one or the other of the yarn directions, the mechanism (b) gams m impor¬ 
tance, but as long as the variation of the bias angle remains within one 
of the sectors of the second set it is found that the directions of the trellis 
lines are almost mvanantly fixed in the fabric, one remaining near to the 
direction of the warp, and the othei near to that of the weft. Only when 
the bias angle is changed further, and the direction of the pull chosen in one 
of the sectors of the first set, will there be an appreciable deviation between 
the direction of the trellis lines, and those of the warp and weft, and this 
deviation will first increase, then reach a maximum when the pull is along 
the warp or weft diiection, and finally decrease again when the direction of 
pull passes over a yarn direction (from one quadrant into the next one) 
When the deviation is at its maximum value, corresponding to a pull along 
one of the yarn directions, the trellis-lines will be symmetncally onentated 
to the warp and weft directions so that it will here be completely arbitrary 
which trellis line is associated with the warp and which with the weft‘^ On 
either side of the maximum deviation there is a well-defined association and 
it is noted particularly that there is a change over in the mode of association 
as the direction of pull passes over a yarn direction such that the trellis line 

* In general, a pull along one yarn direction produces changes in length along both 
\^arn directions, and these changes are due mainly to a crimp interchange between the 
two sets of yarns producing an elongation in the direction of pull and a contraction at 
light angles to this direction, while the changes in the actual lengths of the yarns are 
very small. 
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previously associated with the weft say, will now become associated with 
the warp and vice versa 

Owing to the similarity in behaviour found for woven fabrics of different 
structural details, it wnll suffice to consider one of them only, and sample A 
is selected as a typical one The results obtained for this sample in simple 
pull experiments are shown in Plate I and Table III 

On comparing the angles of onentation of the trellis lines, + bq) and 
with those of the w^arp and weft it will be seen from Table III that 
the deviation is small over a wide range of bias angles at either side of the 
-45"^ direction, and increases suddenly to appreciable values as one 
approaches the warp or w^eft direction The fabric, so to speak, is very quick 



to seize any opportunity of yielding to the pull by changing the angle between 
warp and w^eft [mechanism (a)] in preference to changing the length or crimp 
of the yam [mechanism (6)] ^ ^ 

The relationship between the trellis hnes and the directions of the yams 
IS shown diagrammatically in Figs g and lo ^ 

hv structure of the fahne is represented m the initial position, 

directions in a circular 

space at the right hand upper comer The lengthwise directions of the 
specimens, along which the pull is applied, are represented for various bias 
^gles by arrows drara on radial lines from the ceWe of the circular space 
each arrow being labelled with the appropnate value of the nominal £s 
angle For each such angle the trelhs model is shown as a rhombus centred 






Pulls tn Textile Materials — Chadwick, Shorter and Weissenherg T15X 

on the coriespondmg radial line at a constant distance from the centre of the 
circular space The thick full lines forming the sides of the rhombus give 
the directions of zero elongation, and the diagonal drawn as a thin full line 
represents the direction of the major axis of the strain Attached to the sides 
of the rhombus are two oppositely directed arrow heads drawn in the direc¬ 
tion of the pull The trellis charactenstics, that is the opening angle ta and 
the evasion angle appear here as the angles which the drawn diagonal 
makes, respectively, with one of the adjacent sides of the rhombus and with 
the indicated direction of pull The expenmental results cover a range of 
bias angles of only 90°, and only their range is shown here However, since 
the structure of the cloth is symmetrical with respect to the warp and weft 
.directions it would be a simple matter to extend the diagram to cover the 


WOVEN FABRIC A 



full circle of bias angles In fact the complete diagram may be seen by 
placing two mirrors with their planes normal to the plane of the paper along 
the lines corresponding to* the bias angle of 0° and -90° so as to embrace 
the quadrant covered by these angles This figure shows very clearly the 
approximate coincidence in direction of the trellis lines and the waip and 
weft, over the range of bias angles from about —22^° to about — 67J 1 ^ud 
the deviation over the remaining ranges It also shows the symmetry of the 
trellis lines with regard to the warp and weft directions for the bias angles 
0° and -90° The change over in the mode of association between the 
trellis lines and the warp and weft direcbons as we pass through either the 
0° or -90'' bias angle, can be visualised by considering that when the bias 
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angle changes continuously from *-45° +45° say, any one trellis line will 

rotate continuously through 90° relative to the yarn structure, so that if it 
coincided at a bias angle of *-45° with the warp, say, it would coincide for 
+ 45° with the weft. The change over m the mode of association is seen 
more directly in Fig 10 

In Fig 10 are plotted, from the results shown m Table III, the angles 
of orientation of the two trelhs lines and the warp and weft against the bias 
angle over the range 0° to -180° 

On considering the complete conceivable range of values of the angles 
It will be seen that the diagram repeats m both directions with a penod of 
180®, and that Fig 10 represents a single period in a square of side 180° The 
orientation of the warp is by definition equal to the bias angle so that the 
corresponding graph labelled ‘'Warp'' is simply a repeat of a straight line 
at -45° with the axis of abscissae, passing through the point (0®, 0°) 
Similarly the graph for the weft is a penodic repeat of a line of the same 
slope passing through the point (0°, 90°) In the selected square, the graph 
of the warp shows two portions of the periodic repeat, one passing through 
the point (0°, 0°) and the other through the point (-90°, +90®), while the 
graph for the weft shows only one portion passing through the point 
(o'", 90°) The graphs for the trellis hues are shown as continuous curves, 
each labelled “ Line of Zero Elongation,and each such graph has a wave- 
like form w^hich approximates in successive quadrants alternately to the 
graphs of warp and weft over a considerable range of bias angles, centred 
. about the -45° and -135° bias angles, and deviates abruptly from the 
graphs of the warp and weft in comparatively small ranges, centred about 
the and -90® bias angles, where the change m the mode of association 
occurs. In the diagram is also plotted the graph for the major axis of the 
strain, which is midway between the graphs for the two trellis lines, the 
major axis being the bisector of the trellis lines This graph shows directly 
the angle of evasion as a function of the bias angle, and the opening angle 
of the trelhs is exhibited as the distance along the ordinate axis between this 
graph and that of one of the trelhs lines. 

Consider now the knitted fabric F, results for which are shown m 
Plate II and Table V The extensibility under pull shows over the full 
circle of bias angles a distnbution of values of a wave-like form which is 
symmetncal to the yam directions, but essentially different from that 
described for woven fabncs Whereas m the woven fabncs both the yam 
directions have minimum extensibility, in the sample F of the knitted fabric 
it IS found that only one direction that of wales, corresponds to a minimum 
of extensibility, whilst the other, that of the courses, corresponds to a 
maximum Moreover, neither the minimum nor the maximum is very pro¬ 
nounced, the extensibihty varying only shghtly with the bias angle, and the 
material therefore approximating m its behaviour to that of an isotropic 
medium Thus, the sample F of the knitted fabnc has a wave-like curve of 
extensibilities which differs from that of a woven fabnc, with respect to the 
number per full circle of bias angles, of the crests and troughs of the wave, 
with regard to their location relative to the yarn structure, and with regard 
to their form, that is the sharpness or flatness of the crests and troughs This 
difference between the woven fabncs and the knitted fabnc F shows up by 
the difference in kind and degree of the association of the yarn structure 
and the trellis model It is seen from Table V that m the knitted fabnc F 
an association between the trelhs lines and the wales and courses occurs 
only for one yam direction, namely that of the wales, and this association is 
less close than the corresponding association in a woven fabnc In each 

^ The expenmental data cover only the range of bias angles from o’’ to —90°, but in 
_ virtue of the symmetry of the structure the complete diagram possesses twofold central 
symmetr)^ about the point (-90°, 0°) and this allows the graphs to be constructed over 
the entire range 
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quadrant one of the trellis lines is near to the direction of the wales for all 
bias angles, except when the pull approaches the direction of the wales or 
courses, and here the deviation becomes marked and the mode of association 
changes from one trellis line to the other A sectional division of the full 
circle of bias angles leads, for the sample F of knitted fabric, to two com¬ 
plementary sets of sectors, one set associated with the crests and the other 
with the troughs of the wave, but the division is not discussed m detail 
because it is less clearly defined than m the woven fabrics (both the crest 
and troughs being very flat), and accordingly it provides little help in the 
discussion of the experimental results 
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Fig II 

In Figs. II and 12 are shown diagrammatically the association between 
the trellis lines and the directions of the yarns The figures have been con¬ 
structed similarly to those for the woven fabrics 

Fig II shows^ clearly the approximate coincidence of one of the trellis 
lines with the direction of the w^es over a large range of bias angles from 
about -30° to about ~8o° and from about -100° to -150° and the merely 
madental coincidence of the other trellis line with the direction of the courses 
at two bias angles near to -22® and -157° It also shows over the remain¬ 
ing ranges the deviation of the trellis lines from the directions of the wales 
and courses, and the symmetry of the trellis lines with respect to these direc- 

* "We imagine the figure to be extended over the full range of bias angles by mirror 
reflections along the directions of the wales and courses 
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tions Ax the bias angle of o°, that is when the pull is along the wales, the 
deviation of the trelhs lines from the wales and courses is very marked, 
whereas at the bias angle of -90'', that is when the pull is along the courses, 
both trelhs lines approximate to the direction of the wales The latter effect 
occurs because the whole system, including the trelhs lines, is symmetncal 
with respect to the wales direction, and the bias angle lies in the centre of 
the range where there is approximate coincidence of a trelhs line with the 
wales The mode of association between the trelhs lines and the wales and 
courses changes over at the bias angles 0° and -90° The change over is 
similar in kind to that which occurs at 0° and -90° in the woven fabncs 

KNITTED FABRIC F 



In Fig 12 the mode of association between the yarn structure and the 
trelhs model may be seen by companng the graphs which correspond 
respectively to the yarn directions marked Wales” and Courses”, with 
the graphs which correspond to the directions of the trellis lines, marked 
Lines of Zero Elongation ” The graphs for the trellis lines have a wave- 
hke form and one can see that the graph of the wales is near to that of one 
trelhs line in the range of bias angles between about -30° to -So*’ and 
near to that of the other in the range between -100° and about -150° 
The merely transitory coincidence of the trelhs lines with the direction of 
the courses is seen by the almost perpendicular intersection of the graphs of 
the trellis lines with that of the courses which occurs at about -26° and 
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-154°. The change in the mode of asspciation between the yarn directions 
and the trellis lines, which occurs at bias angles 0° and -90°, is shown by 
the fact that the graph of each trellis line intersects alternately the graph of 
the wales, and of the courses in successive quadrants The graph of the 
'' Major Axis of Strainhas been plotted and this graph exhibits the trellis 
characteristics eo and yo as a function of the bias angle, m the manner 
described in connection with Fig 10 

The experience gained on woven and knitted fabrics may be used to 
formulate some general principles about the structural significance of the 
trellis model for a given material. 

(7) Description of Tables I to VII. 

Table I refers to the structure of the fabrics used. 

The layout of Tables II to VII in rows and columns was chosen in 
accordance with the expenmental procedure and with the theory of trellis 
models In the experiments a specimen was prepared and mounted in its 
initial position, and a senes of simple pulls of increasing amounts of stretched 
length was applied to it, giving the specimen in a senes of terminal positions, 
The application of the trellis theory to the experimental results for a par¬ 
ticular specimen enables calculations to be made of the various trellis models 
which lead respectively from the milial position to the vanous terminal ones 

To make the tables correspond to the above considerations mam rows 
have been allocated for the specimens at various bias angles For any par¬ 
ticular bias specimen the first row corresponds to the initial position, and 
the subsequent rows correspond to the succession of terminal positions 
reached by the specimen under the application of simple pulls of increasing 
amounts All measurements of areas and lengths in a terminal position are 
expressed in percentages of the corresponding measurements made in the 
initial position and for convenience the initial position has been regarded as 
a terminal one having all measurements of 100 per cent All orientations ot 
lines in any position are measured relative to the direction of the pull by 
angles which are reckoned as positive for clockwise deviation and negative 
for anti-clock wise deviation. 

All data referring to the specimen are tabulated under four main columnar 
divisions which arc divided and sub-divided successively, where necessary 

The first mam columnar division ''Specimen m Initial Position" gives 
under “ Material " and " Nominal Bias Angle " (where these vary) a descrip¬ 
tion of the kind of fabric used in accordance with Table I, and the nominal 
angle at which the specimen was intended to be cut out of the sample (The 
angle is nominal since there is sometimes a slight deviation between the 
intended angle and the actual one"'). 

The second mam division—'' Simple Pull to Stretched Length specifies 
the independent variable (1 e the vanable under direct control) for the senes 
of simple pulls of increasing amounts Here the lengthwise extension pro¬ 
duced by the pull has been listed and measured by the per cent stretched 
length of the specimen, since the magnitude of the forces involved are not 
of prime concern 

The third main division—" Specimen in Successive Terminal Positions ", 
specifies for these positions the various dependent vanables which are of 
interest An elaborate sub-division was required in order to account for the 
great variety and complexity of the changes that take place It has not been 
practicable to reproduce here for every specimen the whole list of all the 
dependent vanables which are of interest, and to account separately for their 
theoretical and expenmental values Such a full account is therefore given 
only for the one fabric recorded m Table II H ere are listed the depen- 

* The actual bias angle 1 e the actual orientation of the warp in the initial position 
IS given in the first row of the third mam column, under the heading “ Warp ,vith 
sub-heading “ Orientation ” 



T156 


6 —4 Tiellis Model for the Application and Study of Simple 


dent variables in five divisions, headed respectively—‘'Width'', 'Area", 
‘‘Structure”, “Classical Strain” and “Trellis ” Some of these divisions 
had to be sub-divided successively to isolate the different dependent variables 
from one another For ease of comparison two sub-columns are provided 
and headed Th and Ex referring respectively, to theoretical values deduced 
from the trellis theory, and experimental values observed on the specimen 
The theoretical values were calculated from the mean values of the opening 
angle and the evasion angle is given m the fourth main division The 
division “Structure” refers to the thieads with two sub-divisions headed 
respectively “Warp” and “Weft ” Each of these is further sub-dmded 
for differentiating between “Length”, “Orientation”, and “Spacing” of 
the threads The division “Classical Strain” refers to the total displace¬ 
ment of the specimen from its initial to its terminal position and this is 
analysed m sub-divisions headed “Pure Strain”, and “Rotation”, the 
Totationless pure strain requires a furthei analysis with sub-divisions 
accounting for the “Major Axis” and “Minor Axis” of the strain ellipse, 
and further still for each of these axes for their ‘ ‘ Length'' and ‘ ‘ Orientation ' ’ 
Finally, the division “Trellis” refers to the trellis and its characteristics are 
given in two subdivisions, headed respectively “Opening Angle'' and 
“Evasion Angle ” 

The fourth mam division—“Trellis Calculated for Initial Position” 
refers m that position to the calculated Trellis models which lead from the 
initial to the various terminal positions Each such model can conveniently 
be charactensed by the two parameters, which are listed m the correspond¬ 
ing two sub-divisions under the headings, “ Opening Angle ” and “ Evasion 
Angle " In each sub-column are given average values of the opening angle 
and trellis angle for the various amounts of pull on the same specimen in 
order to show the slight variations of these angles with the amount of pull 
apphed. ^ 


Table II contains the results of a comparison between the theoretical and 
experimental values for the fabric I stretched at a bias angle of -221-'' in 
roller and m trellis gnps ^ 


Tables III and V relate respectively to the woven fabnc A and the 
knitted fabric F stretched at vanous bias angles in roller grips. 

Tables IV, VI and VII relate to a variety of fabrics stretched under a 
bias angle of respectively in roller, angle and parallelogram grips 

dependent variables has 

been reduced and only the experimental values are recorded ^ Moreover 
headed “Trellis” the experimental values of the angles 
formed by the lines of zero elongation and the directons of the pull instead 
of the opening ^gle and evasion angle, are given and are labelled “Lines 
of Zero pongation 'mth two sub-headings “Orientation” All angles 
efemng to Onentation, Rotation, Opening and Evasion are given m degrees 
and are positive unless marked otherwise ^ ^ 


We are indebted to Mrs Henry for the great care and accuracv with 
which she helped m evaluation, to Mr. C W. Bradley for help m the olioto^ 
graphic technique, and to Mr G Grundy for preparing the drawings.^ 

British Cotton Industry Research Association 




aeoretical oara'dedwed^rom the ta:Sis^mo^l’by®cIlcLio°^^ agreement with the 
tion m Table III-VII and gives o'nly the SX pure ftrt^. 
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Plate I 

Roller grip specimens Fabric A 
Specimens cut out at vanous angles 
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Plate II 

Roller grip'specimens Fabric F (Rib knitted) Specimens cut at various angfes. 
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Plate III 

Rollei grip specimens 
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Fabric B 


Fabric F 


Fabric G 


Fabric H 


Fabric F 
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Plate IV 

I op foui Vngle grip specimens 

Bottom three Parallelogram grip specimens 
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7—THE MOISTURE REGAIN OF SILK 

i. ADSORPTION AND DESORPTION OF WATER 
BY SILK AT 25°C. 

By E. A. Hutton and Joan Gartside 

{Copyri>ght by the Textile Institute) 

I. INTRODUCTION 

The relation between the moisture content of silk and the relative humidity 
of the atmosphere to which it is exposed has been given considerable attention 
by a number of mvestigators, with widely varying results. 

Muller^ made a senes of estimations of the moisture contained m various 
textile fabrics compared with that present in the atmosphere and gave a 
formula which was said to express the regain at any temperature as a linear 
function of the relative humidity. Schloesmg® studied the relation between 
moisture regain and the relative humidity of the air for Cevennes and China 
silks, both m the gum and after boiling-off, at temperatures of 12®, 24®, and 
35® C The curves obtained are sigmoid in shape and show that at any 
given humidity and temperature the amount of water taken up is different 
for the two kinds of silk, whilst for the same kind of silk the regain is higher 
for the material in the gum than after degumming. The regam at a given 
humidity for any one silk was found to decrease witii increase m temperature. 

Scheurer® has given data on the comparative hygroscopicities of different 
textile materials at 100® C. and saturation point, and also at normal atmos- 
phene humidities; he compared his results near saturation with values 
obtained by Levrat^ at 25® C. The adsorption of moisture by a number of 
fibrous insulating matenads has been investigated by Kujirai et aV over the 
range of 0 to 95 per cent. R.H. at 30® C and their results for silk give a 
curve of similar shape to those obtamed by Schloesing. They refer to the 
presence of a hysteresis effect but no desorption values are given for silk. 

Values for the regam of silk in the gum (Italian), degummed silk, and 
'*bourette'' at relative humidities between 30 per cent, and 100 per cent, 
are given by jBomg* who found silk in the gum to have a lower regain than 
has degummed silk at corresponding humidities On the other hand, Ober- 
miller and Goertz^ agree with Schloesing that silk in the gum state adsorbs 
more water than does the degummed material at the same humidity. Their 
expenments, which were made on silk organzme (said to be probably of 
Italian ongin) also showed that the regain of the matenal was reduced by a 
previous heating at 75-100° C 

The British Silk Research Association (quoted by McBain®) also attnbute 
a higher regain to silk m the gum than to the same silk after degummmg. 
The moisture regains of degummed iso-electric Chinese, Japanese, and 
Italian silks are said to agree to within 0 i per cent, but Tussah silk has a 
greater regain than mulberry silk. The regain was found to be greater during 
desorption than during adsorption. Similar results from the same laboratories 
are given in a brief note by Denham and Allen.® 
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According to Schaposchmkov,^® observations on the moisture adsorption 
and desorption of vegetable, animal and artificial fibres extending over 
several months do not show any evidence of hysteresis. Some data for the 
adsoiption of water by silk at various humidities are given by Oguri.“ Carr''* 
found that the regain of deguimned silk was reduced by acetylation. 
Wiegeiink^* studied the moisture relations of silk at elevated temperatures 
(96-302® F). Adsorption and desorption curves for a purified sample of 
degummed silk at 25® C. are given by Goodings and TurP^ who have also 
deduced the value of 35-8 per cent, for the regain at saturation from density 
and swelling data. Bull^® found hysteresis between the adsorption and 
desorption regains of degummed silk and gives average values for tempera¬ 
tures of 25® C. and 40® C. 

The present investigation was undertaken with the object of comparing 
the regELin—^relative humidity relations of Japanese, Chmese, and Italian 
silks both in the gum and after degumming at all humidities between 0 and 
100 per cent, and to define the boundary curves for adsoiption and desorp¬ 
tion conditions for these silks. 

II. EXPERIMENTAL METHODS 

For most of the work described the vacuum adsorption apparatus devised 
by Urquhart and Wilhams^® for their investigations on cotton has been used. 
A full description of the apparatus and procedure is given in the original 
account. Briefly, the apparatus consists of an adsorphon bulb, containing 
the diy sample, connected to a manometer and to a graduated tube contain¬ 
ing air-free distilled water, the whole being completely evacuated of air 
and maintained at a constant temperature (25® C.). By means of a tap 
between the adsorption bulb and the water tube a known amount of water 
is allowed to evaporate into the bulb and after eqmhbrium has been attamed 
the pressure of water vapour is read on the manometer. Successive amounts 
of water are admitted to the bulb until the silk is saturated, the equilibrium 
pressure readings being taken after each addition The water tube is then 
cut off and m its place is sealed a tube with a ground-glass joint through 
which the sample bulb can be put into communication with an evacuated 
tube contammg phosphorus pentoxide. The water is removed from the silk 
in stages, equilibrium pressure readmgs bemg taken as before until the silk 
has regained its initial dry state 

When the volume (and therefore the weight) of water admitted to the silk 
at any stage is known, the weight of water taken up by i gram of dry silk 
is readily calculated. The percentage regain is obtained by multiplying this 
value by 100. Corrections are applied to the observed manometer readings 
to allow for the difference between the meniscus heights m the two limbs of 
the manometer and the relative vapour pressures are found by dividing the 
corrected pressures by the saturation pressure of water vapour at 25® C 
(23*78 mm.). The relative vapour pressure x loo is equal to the percentage 
relative humidity of the atmosphere with which the silk is in eqmlibnum. 

Each adsorption bulb contained 5-6 grams of silk. The silk was initially 
dried to constant weight m the bulb by evacuation at room temperature, a 
phosphorus pentoxide tube bemg mserted between the bulb and the pump 
In the early stages of the work some difficulty was encountered in removing 
the last traces of air from the silk. This residual air was apparently displaced 
from the silk when water vapour was admitted and was revealed at the end 
of the adsorption expenments by the fact that the final pressure attained was 
greater than the saturation pressure of water vapour. To overcome this diffi¬ 
culty the bulb containing the silk was evacuated for several days and sufficient 
air-free distilled water to saturate the silk was then admitted from a water 
tube similar to those used for supplying water dunng the adsorption measure¬ 
ments The adsorption bulb was evacuated again until the silk was perfectly 
dry, the residual traces of air being removed with water vapour. 
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The samples exaimned consisted of white Japanese, white Chinese, and 
yellow Itahan silks in the form of raw filature silk. Investgations were made 
on the material in the gum state, as received, and also after degumming 
accordmg to the followmg procedure:—The silk was immersed in a i per 
cent, solution of textile soap flakes for one hour at 93-100® C. It was centri¬ 
fuged, given two washes in a large bulk of water at about 40-50® C., again 
centnfuged, and allowed to dry at room temperature. A sample of the 
degummed Japanese silk was made iso-electric by immersing it for 24 hours 
m o« 02 N-acetic acid and then washing repeatedly m distilled water until the 
pH of the wash water was unchanged by contact with the silk. 

Speakman^^ has suggested that in the vacuum method as used for these 
experiments the conditions are not such as will give true adsorption and 
desorption. Adsorption takes place under a continuously diminishmg 
pressure and at some stage m the process parts of the adsorbent will adsorb 
more water than corresponds with the final pressure of water vapour and 
these parts of the matenal must subsequently lose water to that which was 
less accessible so that the amount of water in one part of the adsorbent will 
correspond with a desoiption process whilst that in the other will corre¬ 
spond with true adsorption. Similar observations are applicable to the 
removal of water from a closed vessel containing the absorbent so that there 
is a possibility that the magnitude of the hysteresis between the adsorption 
and desorption curves will be reduced. 

It was obviously desirable to ascertain whether the results obtained by 
the vacuum method difiered significantly from those obtained when adsorp¬ 
tion and desorption are earned out at constant partial pressure of water 
vapour, and additional measurements of the regain of the degummed 
Japanese silk were therefore made by exposing samples, in evacuated desic¬ 
cators, to atmospheres in equilibnum with sulphuric acid solutions of known 
concentration. In these expenments 1J-2 grams of the sample were placed 
in each of five weighing bottles. The samples were dried to constant weight 
in a vacuum desiccator over phosphorus pentoxide at room temperatee 
The phosphorus pentoxide was then replaced by a sulphuric acid solution of 
a concentration suffiaent to give the required humidity and the desiccators 
were placed in an air thermostat at 25° C The bottles were removed from 
the desiccator for weighing at intervals until no further directional change 
in weight took place. When equihbrium had been attained the concentration 
of the sulphuric acid was determined by means of a pyknometer and the 
corresponding humidity was calculated from Wilson's data.^® The adsorption 
regains at relative humidities of 20, 40, 60, 80, 90 and 95 per cent, were deter¬ 
mined in this way, after which the acid solution was replaced by water and 
the samples were exposed for sufficient time for saturation to be attamed. 
The desorption regains were then found in a similar manner by using 
sulphuric acid solutions of increasing concentration and the dry weight was 
finally checked by drymg over phosphorus pentoxide again. 

III. EXPERIMENTAL RESULTS 

Vacuum Method 

The corresponding values of regain and relative humidity obtained for the 
various silks are given in Tables I and II. The adsorption-desorption cycle 
was usually traversed more than once although measurements were not 
necessarily made during both adsorption and desoiption in every cycle; the 
results obtained in the different cycles are in very good agreement. These 
results were plotted on a large scale and a smooth curve was drawn through 
the points for each sample, a t3q)ical isotherm so obtained being shown in 
Fig. I. It was not practicable to reproduce all the isotherms in one figure 
and as the data of Tables I and II are not in a suitable form to enable a direct 
comparison to be made between the various samples. Table III has been 
constructed from the smoothed curves giving values of the regain for all the 
silks at selected relative humidities 
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Fig. I. Degummed Japanese and Chinese Silks 



RELATIVE HUMIDITY % 

2. Japanese and Chinese Silks before and after Degumnnng, 
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Identical isotherms were obtained for the Japanese and Chinese silks, 
both in the gum and agam after degumming. This is shown for the 
degummed matenal by Fig. i In Fig 2 are reproduced, for comparison, 
the common isotherms for these two silks before and after degummmg; the 
regams are greater at all humidities for the silk in the gum than for the 
degummed silk. A similar set of curves was given by the Italian silk which 
was shghtly more hygroscopic than the Japanese and Chinese silks although 
the difference for degummed silk is very small and is probably not sigmficant 


Table III. Regain, % 
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All the samples show a considerable hysteresis between the adsorption 
and desorption regains, the difference at 65 per cent. R.H. being approxi¬ 
mately I 50 per cent for the gum silk and i 15 per cent, for the degummed 
material. 

The adsorption isotherm for degummed Japanese and Chinese silks cuts 
the ordmate corresponding to 100 per cent. R.H at a regam value very close 
to 36 per cent, Goodings and TurP^ give a value of 35 8 per cent, for the 
saturation regain of degummed and purified Japanese silk as deduced from 
density and swelling data. 

The results for the iso-electric sample of the degummed Japanese silk are 
mcomplete. Several attempts were made to determine the moisture uptake 
of this matenal but although excellent agreement was shown between the 
results of the different expenments during adsorption between o and about 
80 per cent. R.H., large discrepancies were obtamed at higher humidities and 
the pressure obtaining in the manometer at saturation was frequently greater 
than the saturation pressure of water vapour. It is known that silk in the 
ISO-electric state is less stable than when it contains traces of alkali such as 
remain followmg the normal degumming procedure and the conclusion was 
drawn that dunng the course of the experiments degradation of the iso¬ 
electric silk occurred, this degradation being accelerated m atmospheres of 
high humidity. In view of the reproduability of the results below about 80 
per cent. R H. it may be assumed that in this region errors due to possible 
degradation of the silk are small. The adsorptive capacity of degummed 
Japanese silk appears to be slightly reduced when the silk is made iso-electnc 
by the treatment previously described. 
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Desiccator Method 

Only two samples were examined by the desiccator method, namely the 
ordinary degummed and the iso-electnc Japanese silks. The results are 
given m Table IV together with the correspondmg values obtained by the 
vacuum method for companson, the latter being read off from the smoothed 
isotherms The results obtained by the desiccator method for the ordmary 
degummed silk are also indicated m Fig. i. No desorption regains are given 
for the iso-electnc silk, the validity of the determined values being question¬ 
able owing to the probable degradation of the silk during the later stages of 
the adsoiption measurements 

Table IV 
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degummed Japanese silk 


RH 

% 

Adsorption regain 
% 

1 

Desorption regam 

% 

1 

1 

RH 

% 

Adsorption regam 
% 

I_ 

Desiccator 

method 

Vacuum 

method 

RH 

% 

Desiccator 

method 

Vacuum 

method 

Desiccator 

method 

Vacuum 

method 

20 7 

4-28 

4 30 

95 2 

25 81 

26*40 

20 7 

4-17 

4 30 

39 7 

6 42 

6 55 

90 2 

20 09 

19 90 

39 7 

6 32 

6 45 

60-7 

9 28 

9 25 

81*2 

14 94 

14 90 

60 7 

9-16 

9 05 

80-2 

13 03 

13-30 

62 3 

10 62 

10 65 

80 2 

12 77 

12 70 

90-5 

18 35 

18 50 

40 2 

7 71 

7 80 

90 5 

17 92 

— 

95 2 

23-63 

23 20 

20 7 

5 27 

5 60 





The results obtamed by the two methods agree very well and it is apparent 
that any errors that may be mtroduced mto the regain values given by the 
vacuum apparatus, owing to the fact that adsorption and desorption do not 
take place at constant pressure of water vapour, are of neghgible magnitude. 

Kegain of Sericin 

It has been shown that the regam of silk in the gum is always greater than 
that of degummed silk under similar conditions and that the adsorption and 
desorption isotherms for gum silk are further apart than for the degummed 
material. It is therefore clear that silk gum, or sencm, has not only a greater 
adsorptive capacity for water vapour than has fibroin but also shows a greater 
degree of hysteresis. From a knowledge of the gum contents of the silks 
examined, it is possible to calculate values for the moisture regain of the 
sencin although these values are necessanly less accurate than those for the 
fibroin smce they are obtained by difference and are based on a smaller weight 
of matenal. The results obtained, calculated from the data of Table III, are 
shown in Table V In this calculation of the regain of sencm, it has been 
assumed that the adsorptive capacity of the fibroin was unaltered by the 
degumming process. Recent expenments, still m progress, indicate that the 
regain of fibroin is dependent to some extent on tiie degree of its acidity or 
alkalinity and this assumption may not, therefore, be stnctly correct It is 
unlikely that the acidity or alkahnity of the silk degummed by the method 
descnbed will differ to any great extent from that of the original silk in the 
gum, but the possibility of additional error from this source cannot be 
i^ored. In view of the approximate nature of the values in Table V no 
significance can at this stage be attached to the different regains shown for the 
gum of the Italian silk and that of the Japanese and Chinese silks 

The gum contents of the Japanese, Chmese and Italian silks, determmed 
on the actual samples used for the regam measurements, were found to be 
20-1, 20 6 and 24 8 per cent , respectively For the purpose of calculation, 
these have been rounded off to 20 per cent, for the Japanese and Chinese 
silks and 25 per cent for the Italian silk 
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SUMMARY 

The adsorption and desorption isotherms at 25° C have been determmed 
for Japanese, Chmese, and Itahan silks, both m the gum and after 
degumming. 

The degummed silks have a lower regain than the corresponding silks in 
the gum at all humidities and also show less hysteresis between the adsorption 
and desorption isotherms 

When degummed, the different kinds of silk adsorb ivater to the same, 
or nearly the same, extent but in the gum state the adsorption is greater for 
the Itahan silk than for the Japanese and Chinese silks. 

Shghtly lower values were found for the regain of “ iso-electnc 
degummed Japanese silk than for the same silk before treatment. 

Approximate values for the regam of sencin have been deduced. 
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8—THE ADSORPTION AND DESORPTION OF WATER 
BY NYLON AT 25‘'C. 

By E. A. Hutton and Joan Gartsidk 

iCotynght by the Textile iMsMute) 

I. INTRODUCTION 

Results for the moisture regain of nylon yam at vanous relative humidities 
have been given by Ihe nylon division of Messrs, E. I. dn Pont de Nemours & 
Co,, Inc,' and by Loasby.* Bull® has mcluded nylon in a study of the 
adsorption of water vapour by proteins and gives regam values for drawn 
and undrawn nylon at temperatures of as'" C. ^d 40® C. None of these 
reports states whether the experiments were carried out under adsorption or 
desorption conditions. 

A more detailed examination of the moisture relations of nylon has been 
made by Speakman and Saville^ who have determined the adsorption and 
desorption isotherms of bright and delustred nylon yam and also undrawn 
nylon. 

The mveshgatioh here described was mostly earned out before the last- 
mentioned paper was published and the values of regain found are, in 
general, in good a^eement with those given there for drawn nylon, except 
at very high humicSties. There is, however, an important difference between 
the two sets of results. Whereas Speakman and Saville found no evidence 
of hysteresis between the adsorption and desorption isotherms such as 
generally occurs with textile fibres, the present experiments, m which two 
entirely different methods were used, show a small but definite separation 
between the two curves 

It should be noted that the results refer to the nylon in common use as a 
textile fibre at the present time, i.e the condensation product of hexa- 
methylenediamine and adipic acid, sometimes designated "66'' nylon. This 
is important since nylon is a genenc term for aU S5mthetic fibre-forming poly¬ 
amides and it IS likely that special polyamides will be developed later for 
vanous purposes. 

n. EXPERIMENTAL METHODS 

Both the vacuum and desiccator methods were used for the investigation 
as described in the preceding paper on the Moisture Regain of Silk. 

The material used consisted of a parachute fabric woven from delustred 
yam supplied by Messrs. British Nylon Spinners Ltd After weaving, this 
fabnc was scoured in a solution contammg 0-5 per cent, of soap and o*oi 
per cent, of caustic soda at 90"^ C. for one hour, after which it was well 
washed in hot water (50-60® C.) and dried on steam-heated cylinders The 
fabric was then allowed to condition under normal atmosphenc conditions 

For the desiccator experiments, this matenal was dned over phosphorus 
pentoxide at room temperature without further treatment but in vacuum 
experiments the nylon was dned by evacuating the sample tube, then 
saturated with air-free distiUed water to displace ihe remaining traces of air 
from the sample, and again dried by evacuation. 

Vacuum Method EXPERIMENTAL RESULTS 

For the determinations made with the vacuum apparatus the complete 
adsorption-desorption cycle was traversed three times. The results for the 
three cycles, which are in good agreement, are given in Table I, the corres¬ 
ponding isotherms being shown m Fig i. 

The desorption regam is always higher than the adsorption regam at the 
same relative humidi§^ but the area enclosed by the adsorption and desorp¬ 
tion curves is very small compared with that shown by most other fibres. 
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The segam at saturation lies between S 53 per cent and 8 79 per cent 
and is probably about 8 70 per cent. 


Table I 


Adsorption j 

Desorption 

1 


1st cycle j 

2nd cycle 

3rd cycle 

1st cycle 1 

2nd cycle 

3rd cycle 

% 

% Re- 

1 % ' 

Re- 

% 

% Re- 

% 

% Re- 

% 

% Re- 

% 

% Re- 

RH 

gain 

RH 

gam 

RH 

gam 

RH 

gam 

RH 

gam 

, RH 

gam 

0 5 

0 08 

1*0 

0 12 

1 8 

0 23 

99 2 

8 40 

99 3 

8 51 

99 2 

8 62 

25 

0-34 

48 

0 52 

10 2 

0 92 

97 8 

8 06 

91 7 

7 22 

93 5 

7 38 

17 9 

1-36 

13 4 

1 08 

65 0 

4 13 

91 4 

7 09 

82 3 

5 99 

83 3 

6 13 

40 2 

2 59 

38 5 

2 49 

82 6 

5 69 

84 3 

6 16 

72 8 

4 99 

73 2 

6*07 

61-6 

3 89 

60 1 

3 85 

96 1 

7 46 

72 4 

4 94 

58 0 

3 76 

62 0 

4 13 

81-1 

5 51 

76 1 

5 14 

100 0*^ 

' 9 38 

57 9 

3 76 

35 6 

2 44 

42 7 

2 86 

92-2 

6 77 

85 9 

6 14 



1 42 7 

2 80 

16 4 

1 38 

210 

1 68 

97-3 

7-65 

93 3 

7*05 



30*4 

2 12 

53 

0 67 1 

65 

0 74 

99 0 

8 15 

98 0 

7 82 



14 9 

126 

1 1 

0 12 ' 

05 

0 07 

99-9 

8 53 

99 5 

8 33 



6 1 

0 64 





100 0* 

‘ 8 87 

100 0* 

8 79 



1 2*8 

0 38 











i 1 1 

013 






* Condensed water m adsorption bulb 


Desiccator Method 

The regain values obtained by the desiccator method are given in Table 
II Four samples of nylon, each of x 5 —2 grams in weight, were used for 
the first adsorption-desorption cycle. At the end of this cyde, two of the 
samples were accidentally contaminated with acid and had to be rejected but 
a second cycle was earned out on the two remaining samples supplemented 
by four additional samples taken from the material pre\uously used m the 
vacuum apparatus In Table II (and Cycle), the values in the column 
headed (i) are the average for the two original samples from the ist cycle 
and those m the column headed (11) are the average for the four new samples, 
no sigmficant difference is apparent between the results in columns (1) and 
(ii). The mean values refer to all six samples and have been used when 
plotting the isotherms shown m Fig 2 

Table II 


1st Cycle 


Adsorption 

Desorption 

%RH 

% Regain 

% R H 

% Regam 

20 7 

1*38 

95 2 

7 65 

397 

2 38 

90 2 

6 96 

60 7 

3 72 

812 

5 78 

80 2 

5 25 , 

62 3 

4 06 

90 5 

6 55 

40 2 

2*63 

95 2 

7 59 

20*7 

150 


2nd Cycle 


Adsorption | 

Desorption 


j % Regain 


% Regain 

%RH 

( 1 ) 

(U) 

Mean 

%RH 

(0 

(n) 

Mean 

19 7 

1*37 

1*36 

136 

94 4 

7 70 

7 66 

7 67 

38*8 

2*42 

2*44 

2*43 

903 

7 01 

7 00 

7 00 

610 

3 83 

386 

3 84 

80 7 

5 69 

5 74 

5 72 

80*7 

6-61 

5*66 

5 65 

60 7 

3 93 

3 98 

3 96 

89 5 

6*66 

6*68 

6 67 

39 0 

2 50 

2 56 

2 53 

94*6 

7 64 

7 56 

7*58 

19 7 

147 

1 62 

1 50 
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It will be noticed that although the desorption regains in the ist and 2nd 
cycles lie on the same curve the adsorption regains are distinctly higher for 
the second cycle than the first. An explanation of the lower adsoiption 
values obtained in the ist cycle is to be found in the previous history of title 
material and is referred to later. Although no further cycles were traversed 
m these desiccator experiments, it is safe to assume that if these had been 
earned out the results would have agreed with those obtained in the second 
cycle, since the values in column (ii) of Table II, which are for material 
that had already been through three cycles in the vacuum apparatus, are 
essentially the same as those in column (i). 

The results obtained in the desiccator experiments (2nd cycle) are in good 
agreement with those given by the vacuum method and hysteresis between 
the adsorption and desorption curves is agam shown. 

Since these experiments were completed, a paper has been published by 
Speakman and Saville (loc. ctL) describing experiments that fail to show 
any such hysteresis and it was therefore thought advisable to make a further 
check on this point. Two samples of nylon dried over phosphorus pentoxide 
at room temperature and two samples which had been exposed to water 
vapour in a closed desiccator for about a week were placed together in an 
evacuated desiccator over a sulphunc add solution adjusted to give a relative 
humidity of 80 per cent, at 25® C. An additional set of samples similar to 
the above except that the nylon was initially purified by extraction with 
alcohol and ether followed by washing in distilled water was included in the 
same desiccator. The samples were weighed periodically until no directional 
change in weight was observed after which twelve further weighings on each 
sample were made at intervals during a period of six weeks. The regains of 
the samples calculated from the mean of the twelve weights are shown in 
Table III and confirm the existence of hysteresis. 


Table III 


Extracted nylon * 
Unextracted nylon: 



5 61 
5*63 


adsorption regain, % 5 63, 
desorption regain, % 6*70, 


0 58 
6-71 


It has been noted that the adsorption regains obtained in the first cycle 
of Ae desiccator experiments are lower than those obtained in the second 
cycle. The only dMerence between the experimental conditions in the two 
cycles lies in the initial condition of the nylon. After scouring, the nylon 
fabric was dried on steam-heated cylinders. This material was stored under 
atmospheric conditions and was then simply dried over phosphorus pentoxide 
at room temperature at the start of the experiments, whereas in the second 
cycle and also in the experiments by the vacuum method the nylon had been 
saturated with water at either room temperature or 25® C. previous to drying. 
It is known that the absorptive capacity of cotton,® wool,® and jute^ is 
reduced by dr5dng or partial dr5dng at a high temperature and Speakman 
and Stott® have further demonstrated that a normal affinity for water may 
be restored to wool that has been dried at a high temperature by allowing it 
to reach saturation with water vapour. It appeared worth while to ascertain 
whether a similar behaviour was shown by nylon. 

Four samples of nylon were allowed to come to approximate equilibrium 
with an atmosphere of 80 per cent. R H. Two of the samples were then 
heated for 12 hours at a temperature of 85-90® C. and the other two were 
heated for 4J hours at no® C. A companson of their weights with their 
known dry weights showed that they were very nearly dry but they were 
brought to absolute dr3mes5 }py leaving m an evacuated desiccator over 
phosphorus pentoxide at room temperature until constant in weight. The 
phosphorus pentoxide was replaced by a suitable sulphuric acid solution and 



8 —The Adsoiption cnid Desoiption of IVaUt, etc—Hutton and Gartside 

the adsorption regain of the samples was determined at 8o per cent. R.H 
and 25" C. The samples were then saturated by leaving over water in an 
evacuated desiccator for about a week and were again placed over the 
suiphunc acid solution to determine the desorption regains at 80 per cent 
R.H and 25° C After diyung over phosphorus pentoxide, the adsorption 
regain at the same humidity was re-detei mined The results are given in 
Table IV. 


Table IV 


I Diied foi 1^ houis Dried for 4^, hoiiis 

1 at So-90®C I at 110°C 

Adsorption regain, % | 0 40 o 39 | 5 10 5 00 

Desorption regain, ! o 72 o 7o | 5 57 o 50 

2ad adsorption regain % _ l 5 02 _ 5 03 _ 5 51 _ 5 45 

On comparing these values with those in Table III for unextracted nylon 
dned at room temperature, it is seen that (a) the adsorptive capacity of nylon 
decreases with increasing temperature of drying and (b) on saturation with 
water, the effect of the heating is either wholly or partially removed accoid- 
mg to the temperature of diyung, so that the desorption regain and sub¬ 
sequent adsorption regain are similar to, or only a little less than, those of 
the unheated material The combined effect of (a) and (&) is that the 
hysteresis between the adsorption and desorption regains is mcreased when 
the nylon is dned at a high temperature 

The foregoing results appear to provide an adequate explanation of the 
low adsorption values obtained dunng the first c^^cle m the determination 01 
the regain curve since it may be assumed that the adsorptive capacity of the 
nylon was 1 educed by the dijung on the steam-heated cylmders during the 
finishing of the fabric The normal affinity for water \voiild be restoied by 
saturation with water vapour 


SUMMARY 

The adsorption and desoiption isotherms for nylon have been detemiined 
at 25° C ; the cuiv^es show a small, but definite hysteresis 

A value of approximately 8 70 per cent has been found for the regain at 
saturation 

The adsorptive capacity of nylon decreases with increasing tempeiature 
of drying but subsequent satuialion with w’ater \apour lestores the noimal 
affiniU" for w^ater either completely or to a large extent, depending on the 
diyang temperature 
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9—THE EFFECT OF THE CARBOXYL GROUPS IN VISCOSE 
SHEET ON THE EQUILIBRIUM ABSORPTION OF 
CHRYSOPHENINE G. 

By H. A. Standing and J 0 Warwicker 

{Copyright by the Textile ImUUtie) 

The equihbnum absorption of Chrysophemne G on viscose sheet was found to depend 
on the ratio of the mass of sheet to the volume of the dyebath This efiect, vhich 
vas greatest when the concentration of sodium chloride in the dyebath vas loiv, was 
due to the presence in the viscose sheet of acidic carboxyl groups which resulted m a 
lowering of the dyebath pH For dyebaths m which the dye concentration and the 
total cation concentration of the inorganic electroljrtes were maintained constant, the 
equilibrium absorption mcreased with decreasing dyebath pH and attained a fairly 
constant value at pH^ between 3 and 2 The absorption isotherms of Chrysophenme 
on viscose sheet were measured undei conditions such that the dyebath pHs were about 6 

The theory of the effect of carboxyl groups in viscose sheet on the equilibrium 
absoiption is discussed Tentative calculations based on this theory suggest that 
the number of carboxjd ions which directly affect the equihbnum absorption may be 
less than the total number of carboxyl groups m the viscose sheet 

A study of the equilibrium absorption of the direct dye Chrysophenine G 
on viscose sheet has been described m an earlier paper/ and a study of the 
diffusion of this dye in viscose sheet will be descnbed m a later paper. 
Although commercial Cellophane was a convenient source of viscose sheet 
for the equihbnum absorption measurements, a more highly swollen viscose 
n as convenient for the diffusion measurements, and viscose sheet that had 
never been allowed to dry was therefore used This matenal, which has a 
much higher water imbibition than Cellophane, will be called never-dry sheet. 
Since equihbnum absorption measurements were reqmred for the interpreta¬ 
tion of the diffusion data, the absorption isotherms of Chrysophenine G on 
the never-dry sheet were measured The results so obtained are described 
separately in this paper because they show that the presence of carboxyl 
groups in the viscose sheet affects the absorption of Chrysophenme, anc- 
Ihal any theory of the direct dyeing of viscose sheet must take into account 
the fact that it is an acidic oxycellulose 

When the never-dry sheet was dyed to equilibrium with Chrysophenme 
in solutions containing sodium chlonde of low concentration, the eqmlibnum 
absorption was found to depend on the ratio of the mass of viscose sheet to 
the volume of the dye solution This quantity will be called the ‘'relative 
mass of viscose sheet, and will be expressed as grams of viscose sheet per 
100 ml of solution Fig i shows the isotherms obtained at 90° C for never- 
dry \uscose sheet in eqmlibnum with Chrysophenme solutions containing 
o 5 g of sodium chloride per litre when the relatve mass of viscose sheet 
was (a) ooi5g/iooml, (&) o52g/iooml It shows that for a given 
concentration of dye in solution, the equihbnum absorption is greater when 
the relative mass is high than when it is low Fig 2 shows the isotherms 
obtained at 90® C when the concentration of sodium chlonde in solution was 
log /I, the relative masses of viscose sheet being again ooi5g and 
0 52 g per 100 ml. With this high concentration of sodium chlonde in 
solution, the isotherm is not significantly affected by the large difference in 
the relative mass of viscose sheet 

It was observed that the pH of the equilibrium solution also vaned with 
the relative mass of viscose sheet The introduction of viscose sheet into an 
unbuffered dye solution contammg sodium chloride resulted in a fall in the 
pH of the solution, which was greater the greater the relative mass of sheet. 
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DYEBATH CONCENTRATION Mg per Litre 
Fig. I. 

Absorption isotherms of Chrysophenine G on never-dry viscose sheet at 90 °C 
Unbuffered dyebalhs containing 0*5 gm. sodium chloride per htre and different 
relative masses of sheet 



Fig. 2 . 

Absorption isotherms of Chrysophenine G on never-dry viscose sheet at po^C 
Unbuffered dyebaths contaming 10 gm sodium chlonde per litre and different 
relative masses of sheet 

Thus when the relative mass was as small as 0-015 g-/ioo ml., the pH^ 
of the equilibrium solutions were between 6 and 6-5—little different from 

that of a dye soluhon to which no viscose sheet had been added_^whilst for 

a relative mass of 0 52 g./ioo ml, the pH% were between 4*5 and 5. The 
hydrogen ions originate from the carboxyl groups in the viscose sheet, and 
they axe transferred to the solution by ion exchange In the commercial 
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sheet the carboxyl groups are associated with metallic cations, some of 
them divalent, and these cations are exchanged for hydrogen ions when the 
sheet is purified by steepmg it in n/io hydrochloric add. Although the 
sheet IS subsequentiy washed free from acid, the hydrogen ions of the car¬ 
boxyl groups in the viscose exchange with sodium ions m solution when 
the purified sheet is immersed in a dye solution containing sodium chloride. 
The greater the mass of viscose sheet in a given volume of solution, the 
greater is the number of hydrogen ions exchanged, and the greater is the 
consequent fall m the pH of the solution. This fall in pH occurs whether 
the concentration of sodium chloride in the solution is 0-5 g. or 10 g, per 
litre, though for the latter concentration the equihbrium absorption is not 
appreciably affected by the relative mass of viscose sheet. 
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Fig 3 

Absorption isotherm of Chrysophenme G on never-dry viscose sheet Dyebaths 
bufiered at pH 4 7 . Temperature 90 ®C. Sodium ion concentration equivalent to 
o 5 g sodium chlonde per litre. 

For dye solutions containing 0*5 g. sodium chloride per htre, the 
variation of ihe equihbnum absoiption with the relative mass of viscose 
sheet is due entirely to the corresponding change in the pH of the dye 
solution. This was shown by experiments in which the dye solution was 
buffered at pH 4 7 with an acetate buffer in quantity sufficient to give a 
sodium ion concentration equal to that in a solution containmg 0-5 g. 
sodium chloride per litre. Under these conditions, the absoiphon isotherms 
at 90® C. for relative masses of viscose sheet equal to 0 015 g. and o 52 g. 
per IOO ml., respectively, were measured, and are shown in Fig. 3. There 
is seen to be no sigmficant difference between the two isotherms omained with 
the buffered dye solutions whereas the isotherms correspondmg to the same 
relative masses of viscose sheet were widely different when the solutions were 




TijS 9 —The Effect of the Carboxyl Groups in Viscose Sheet on the 

not buffered (Fig. i) Moreover the isotherm for the solutions buffered 
at pH 4 7 13 m fairly close agreement with that obtained with those 
unbuffered dye solutions for which the relative mass of viscose sheet was 
o 52g /loo ml. and the pHs at equilibnum were between 4-5 and 5. 
(Fig ibj. 

Fig 3 shows the relation between the equilibrium absorption and the 
concentration of dye m equilibrium solutions containing inorganic electrolyte 
of constant concentration and buffered at constant pH, In contrast to this, 
Fig. 4 shows the relation between the equilibrium absorption and the pH 
of an unbuffered dye solution in which both the dye concentration and the 



pH of EQUILIBRIUM SOLUTION 

Vig 4 . 

Vanation of the equilibnum absorption of Chrysophemne G on never-dry viscose 
sheet with the pH of the equihbnum solution, 

total cation concentration of inorganic electrolytes are maintained constant. 
The relative mass of viscose sheet (0 15 g /100 ml) was sufficiently small 
to ensure that the mass of dye absorbed by the viscose sheet was negligible 
compared with the total mass of dye m solution Thus the imtial and 
equilibrium concentrations of dye in solution were practically equal, being 
fixed at o-097g. per htre The curve A m Fig. 4 was obtained at 90® C 
with a total cahon concentration of inorganic electrol3^es in the equilibrium 
solutions equal to o-oim (equivalent to 0 585 g. sodium chloride per litre). 
These inorganic electrol3des were mixtures of sodium chloride and hydro¬ 
chloric acid in such var3mg proportions that the pHs of the dye solutions 
varied from 6 to 2. It is seen that under these conditions the equilibrium 
absorption increases steadily as the pH of the solution decreases and between 
pH 3 and 2 it attams a fairly constant value, which is about 60 per cent 
higher than the equilibrium absorption at pH 6 

The curve B in Fig. 4 gives the results of similar experiments for which 
the sodium chloride concentration was 0 171M (10 g /I.) and shows that for 
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this high salt cancentiation the effect of pE on the equilibrium absorption is 
relatively small. The equilibrium absorption increases slightly as the pE of 
the solution decreases, but below pE 3 it attains a fairly constant value 
which IS only about 10 per cent higher than the value at pE 6. Thus the 
results in Fig 4 agree with the observation that the equihbnum absorption 
of Chiysophenme depends on the relative mass of viscose sheet when the 
salt concentration is o 5g /I , but not when it is 10g /I 

Although the results descnbed here w^erc obtained with never-dry viscose 
sheet, there is no reason to doubt that similar results would be obtained with 
Cellophane. An earlier paper descnbed equilibrium absorption measure¬ 
ments of Chiysophenine on Cellophane, and when these measurements were 
made, the effect of the relative mass of viscose sheet on the pE of the dye 
solutions was not realised In these experiments, the relative mass of vis¬ 
cose sheet was fixed at 0 8 g /100 ml, consequently, although the pE% of 
the equilibrium solutions would not vary appreciably from one expenment 
to another, they would be low and probably about 4, The present results 
show that the effect of pE on the eqmlibrium absorption is greatest when 
the sodium chloride concentration is low. In the earlier measurements with 
Cellophane, the concentration of sodium chlonde was relatively high for 
many of the isotherms. It is therefore probable that apart from those 
isotherms for which the sodium chlonde concentration was i g. / I or less, the 
eqmlibnum absorptions were not appreciably affected by the high relative 
mass of viscose sheet used m these expenments. 

For the interpretation of the diffusion measurements, absorption isotherms 
of Chrysophemne G on never-dry viscose sheet were reqmred at 90° C 
Fig. 5 shows a series of such isotherms for five different sodium chloride 
concentrations, the relative mass of viscose sheet being ooisg /100 ml., 
and the pE of the equilibnum solutions being about 6* As shown by the 
loganthmic plot in Fig 6, the isotherms approximate to the Freundlich 
equation 

where[i?]^ is the equihbnum absorption of dye on the viscose sheet, [R]s is 
the concentration of dye in solution and ^ is a constant The values of n 
for the different sodium chlonde concentrations are as follows* — 

NaCl, g /I. . .0*5 1 2 6 10 

n .0 67 0 67 0-72 0-69 0-72 

In the following discussion, the effect of pE on the equilibnum absorp¬ 
tion IS attributed to the presence of ionisable carboxyl groups m the viscose 
sheet Many direct dyes contam groups that are either weakly basic or 
weakly acidic, and in consequence the chemical structure and hence the 
affinity for cellulose of such dyes may depend on the pH of the dye solution 
The Chrysophemne molecule contains no groups of a recognised acidic or 
basic character, and a potentiometric titrahon of a Chiysophenine solution 
with hydrochlonc acid showed that the dye did not behave as a weak base 
The absorption spectrum of an aqueous Chrysophemne solution, centi- 
normal in hydrochloric acid, is little different from that of a Chrysophemne 
solution of the same concentration and centmormal in sodium chloride. The 
maximum extinction coefficient of the solution containing acid is about 2 per 
cent higher than that of the solution containing sodium chloride These 
spectra together with the potentiometric titration measurements suggest that 
the chemical structure of Chrysophemne in aqueous solution is not appre¬ 
ciably affected by the presence of centi-normal acid 

DISCUSSION. 

The Variation of the Equilibnum Absorption with pH* 

Neale and his collaborators^ have investigated the equilibrium absorp¬ 
tion of the direct dye Chlorazol Sky Blue FF by acidic oxycelluloses pre¬ 
pared from cotton cellulose by oxidation uath hypobromite in alkaline 
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DYEBATH CONCENTRATION Mg per Litre 
Fig 5 

Absorption isotberms of Crysopbemne G on never-dry -vTScose sheet at go^C 
Sodmni chlond© concentration (g /I) is shown on each isotherm 



Logarithmic plot of the absorption isotherms of Chrysopheiime G on never-drv 
Mscose sheet at 9o“C 
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solution. They showed that the equihbnum absorption of dye from a 
biifered solution of constant dye and salt concentration decreased with 
increasing carboxyl content of the oxycellulose. They® also showed that for 
a given oxycellulose, the equilibrium absorption increased as the pH of the 
dye solution was decreased. The latter results are similar to those descnbed 
here for the absorption of Chrysophenine by viscose sheet, which is to be 
regarded as an acidic oxycellulose 

Hanson, Neale and Stnngfellow® concluded that the effect of pH on the 
equilibrium absorption was due to the dependence of the degree of ionisation 
of the carboxyl groups upon the pH of the solution. They showed that their 
results could be interpreted qualitatively as follows. The dye anions are 
adsorbed on the cellulose chains, and, in order to preserve electncal neutrality 
m the cellulose, must hold an equivalent number of sodium ions or other 
cations in their vicinity. Thus the concentration of sodium ions is greater 
m the cellulose than in the external solution. The dyed cellulose in equili¬ 
brium with the dye solution containing sodium chlonde may therefore be 
considered to consist of two phases—the cellulose phase and the solution 
phase—^m each of which the constituent ions of the dye and the sodium 
chloride are in aqueous solution (The cellulose phase also contains dye 
amons not in aqueous solution but adsorbed on the cellulose) Since the 
sodium ion concentrations m the cellulose phase and the solution phase are 
not equal, the concentrations of any other ion in the two phases also differ, 
and are related by the Donnan equations of membrane equilibrium From 
these equations, it follows that the concentration [R]c of free dye anions in 
the cellulose phase is less than the concentration [i?]s of dye anions in the 
solution phase, [R]e and [R]^ are related by the Donnan equation 



where [Na]s and [Na]c represent the sodium ion concentrations in the solu- 
ton and the cellulose phase respectively, and r is the valency of the dye 
anion 

The concentration of dye adsorbed on the cellulose chains (i e. the 
equilibrium absorption) is assumed to be directly proportional to the concen¬ 
tration [J?]o of free dye anions in the cellulose phase Thus when the con¬ 
centration [RIs, of dye anions in the external solution is maintained constant, 
the equilibrium absorption is directly proportional to the ratio 
([Na]g/[Na]c)^ which is less than unity. If ionised carboxyl groups are 
present in the cellulose, they also will hold sodium ions in their vicinity, and 
the sodium ion concentration [Na]c in the cellulose phase will therefore be 
increased. Hence the ratio [Na]s/[Na]c, and consequently the eqmlibrium 
absorption, will be decreased by the presence of carboxyl ions in the cellu¬ 
lose. Thus if an acidic oxycellulose and a cellulose that does not contain 
carboxyl groups are dyed to equilibnum in the same dyebath, the equilibrium 
absorption of dye is smaller on the oxycellulose 

For a given oxycellulose, the proportion of carboxyl groups that are 
ionised, and hence their effect in diminishing the absorption of dye, depends 
on the pH of the equilibrium solution If both the dye concentration and 
the total cation concentration of inorganic electrolytes "are maintained con¬ 
stant, then the eqmlibnum absorption should vary between two limitmg 
values as the pH of die solution is varied At a sufficiently high pH all the 
carboxyl groups will be lomsed and the equilibnum absorption will be at a 
minimum. At a sufficiently low pH the ionisation of the carboxyl groups 
win be completely suppressed, and the eqmlibnum absorption witt be at a 
maximum. At intermediate pHs the carboxyl groups will be partially ionised 
and the equilibrium absorption, decreasing with increasing pH, will be 
between the two limiting values 

The results shown in Fig. 4 are in accordance with this theoiy^ As the 
pH of the equilibrium solution decreases, the equilibnum absorption 
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increases, and between pHs. 3 and 2 attains a fairly constant value Although 
the degree of ionisation of the carboxyl groups will depend directly on the 
pH of the cellulose phase (which will be lower than the pH of the equihbnum 
solution) it 13 piobable that all the carboxyl groups will be undissociated 
when the solution pH is about 2 

The Relationship between Substantivity Ratio and Salt/Dye Ratio. 

In an earlier paper^ a general theory of the direct dyeing of cellulose was 
developed. Its most important consequence was the deduction that the ratio 
of the equivalent concentration of salt to dye in solution (called the salt/dye 
ratio) uniquely determines the distributon of dye between the cellulose and 
the solution (called the substantivity ratio) In the development of the 
theory no account was taken of the effect of carboxyl groups present in the 
cellulose on the equilibrium absorption The general equation (ii) in the 
earlier paper, ^ which shows that the salt/dye ratio and the substantivity ratio 
are uniquely related, was there obtained from free-energy considerations 
It can be deduced more simply, however, by directly applying the Donnan 
theory of membrane equilibrium, and it is deduced here in this way, as a 
particular case of the theory for cellulose containing carboxyl groups in 
equihbnum with a solution containing sodium chlonde and Chrysophenine 
It is assumed that the pH of the solution is about 7 and that the hydrogen 
ion concentrations m the solution and the cellulose phases are negligible 
compared with the concentrations of other cations 

The Chrysophenine ion is divalent and the dye will be represented by 
Na.R. The molar concentrations of the sodium ion, the chloride ion, and 
the free dye anion, 111 the cellulose phase will be represented by [Na]c, 
[Cl]c and [R]c, respectively; and in the solution phase by [Najs, [Cl] a and 
[R]s, respectively. The concentration of dye anions adsorbed on the cellu¬ 
lose, expressed as moles of dye per 100 g. of cellulose, will be represented by 
[R]^, and the concentration of carboxyl 10ns m the cellulose expressed in 
the same units will be represented by [COO]. 

The ionic concentrations in the two phases are related by the Donnan 


equations 

/[Nal.y 

/[cij.y 

/[R]c\ 


V[Na]J 

V[C1]J 

V[Rj./ 


\^he^e w, ^^hlch is less than unity, represents the ratio of the concentration 
of sodium ions m the solution phase to that in the cellulose phase. 

Equations (i) mav be rewritten as 

[Na]c=ii^’'^ [Na]s 

[C\’]o^w [Cl]s y (2) 

[R]c = 2C/=.[R]s J 

Following Hanson, Neale and Stnngfellow^ it will be assumed that the 
concentration [R]^^ of dye adsorbed on the cellulose is directly proportional 
to the concentration [Ric of free dye anions in the cellulose phase, i e 

[R]^=ATRT ' . (3) 

where K is a constant This assumption* is a direct application of the Lang- 
miur equation to a system for w^hich the ratio of occupied to total sites is 
negligible If the value of [R]c, given by equation (2), is substituted in 
equation (3), then 

The substantivity ratio is defined as the ratio of the equilibrium absorp¬ 
tion [R]^ to the concentration [R]b of dye in solution. Equation {4) shows 
mat the substantivity ratio is a function of w alone 

The condition for electrical neutrality m the cellulose phase is given by 
the equation 

[Na]c- [Cl]. + 2[R]c + - ( 2 [RL-f [COO]) (5) 

where W represents the volume of water in the cellulose phase and is 
expressed as litres per 100 g of cellulose 
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The last term of equation (5) shows the effect of the adsorbed dye anions 
and of the carboxyl 10ns in increasing the sodium ion concentration m the 
cellulose phase above that in solution. The total carboxyl content of the 
never-dry viscose sheet was 3 0 millimoles per 100 g of cellulose, hence if 
all the carboxyl groups are ionised, the total carboxyl ion content [COO] 
is also 3-0 millimoles per 100 g It is then comparable in magmtude with 
the equivalent concentration 2 [R]a of adsorbed dye (which for the measure¬ 
ments descnbed here vanes from about 02 to 2*3 milUequivalents per 
100 g.) and might therefore be expected to exert a relatively large effect on 
the dyeing of the viscose sheet. 

Equation (5) gives the ionic concentrations m the cellulose phase and 
these may be related to the corresponding concentrations m solution by 
means of equation (2). Thus equation (5) reduces to 

[Na],=ze>TO. + 2ze.“(^l+^^ [R]s+^-^^ ze/ . (6) 

The salt/dye ratio p is defined as the ratio of the equivalent concentra¬ 
tion of salt to dye m solution 


Thus 


P = 


[Cl], 

2[R]. 


and since electrical neutrality is preserved in solution 
[Na].=[Cl],H-2[R]. 


( 7 ) 

( 8 ) 


whence 


[Na], 

[Cl]. 


l±l 

P 


( 9 ) 


From a combination of equations (6), (7) and (9), the final equation is 


obtained 


/ K\ rcool 

When the cellulose does not contain carboxyl groups—a condition to 
which carefully punficd cotton cellulose approaches—^then equation (10) 
reduces to 



io^ + pw^=^i+p 


This shows that w is uniquely determined by the salt/dye ratio p pro¬ 
viding W, the volume of water in the cellulose phase, is independent of the 
concentration of salt in the solution. Since the substantivity ratio is a 
function of w alone, it follows that for a cellulose that does not contam car¬ 
boxyl groups the substantivity ratio is uniquely determmed by the salt/dye 
ratio. This was the basis of the general deductions of the earlier paper * 
Equation (10) shows, however, that when carboxyl ions are present m 
the cellulose, the quantity w, and hence the substantivity ratio, depend on 
the concentration [Cl]s of salt when the salt/dye ratio p is maintained con- 


* A similar treatment to that above for the general case of a dye represented by 
ArRfl and a salt represented by BaSi leads, in the absence of carboxyl groups, to the 
general equation 

(1 + KjW) w' + pw^ = 

This IS identical with the general equation (H) of the earher paper^ except that tlie 
term (I -i- K/W) replaces a different constant X Another theoretical treatment has 
recently been given by Crank* All the treatments predict a unique isothermal relation 
between the substantivity latio and the salt/dye ratio, providmg that the volume of 
the water in the cellulose phase is independent of the concentration of salt in the 
equilibnum solution They differ, however, in the way they deduce from the general 
equation, an equation to the absorption isotherm obtained when either the salt or dye 
concentration of the equihbnum solution is maintained constant The approximation 
made for the solution of the general equation m the earlier paper^ was poor and arose 
from an incorrect mterpretation of the constant X. The approximation made by 
Crank gives an equation to the isotherm m fair agreement with the experimental data 
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stant. The effect of the carboxyl ions on the substantivity ratio is given by 
the term pw[COO] /W[Cl]s. When the salt/dye ratio p is mamtained 
constant, then the effect of this term is that the value of w —and hence the 
substanhvity ratio—^is lower, the higher the value of the carboxyl ion con¬ 
tent [COO]. On the other hand, when the salt/dye ratio p and the car- 
boxjd ion content [COO] are maintained constant, the effect of the carboxyl 
ions on the substantivity ratio decreases as the salt concentration [Cl]a 
increases. 

The data of Fig. 5 are shown in Fig 7 as a loganthmic plot of the sub- 
stantivity ratio against the salt/dye ratio. For salt concentrations from 2 to 
10 g./l., a unique relation is obtained between these two quantities, but the 
points for a salt concentration of 0*5 g./l. fall definitely lower than the 
remainder whilst those for i g /I. salt are slightly low. Thus the theoretical 
depresaon of the substantivity ratio due to carboxyl ions is shown only by 
the experimental results for the lowest salt concentrations. As the theoretical 
depression of tiie substantivity ratio decreases with increasing salt concen¬ 
tration, it was at first thought tiiat ihe magmtude of the effect might be too 
small at the higher salt concentrations to b^e detected experimentally. 



LOG SALT/DYE RATIO 

Fig 7 

Loganthmic plot of substantivity ratio against salt/dye ratio for the absorption of 
Chrysopheuine G on never-dry viscose sheet at 90 °C 


From a combination of equations (2), (5) and (8) the following equation 
is obtained 


ie/-‘([Cl]s+2[R]s)=ze;[Cl]s+2w=[R]s+ ^(aCRT^ + [COO]) 

In the experimental work, the concentration of dye in the equilibrium solu¬ 
tion was generally small compared with that of salt Hence, as an approxi¬ 
mation, 2CR3b can be neglected in companson with [CI]b, and when this is 
done the foregoing equation reduces to 
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For a given salt concentration [C1]b this quadratic equation can be solved 
for w if the values of W and [COO] are known, [R]^ being experimentally 
determined. But equation (4) shows that the substantivity ratio [RL/[R]« 
13 directly proportional to and hence the theoretical efEect of the car¬ 
boxyl ions on the substantivity ratio can be calculated when W and [COO] 
are known. 

It seems likely that the quantity W should relate to the volume of water 
in the ionic atmospheres of the adsorbed dye anions, and it may vary with 
the concentration of salt^ in the solution. The assumption made by otiier 
workers that its value is constant for a given sample of cellulose will, 
however, be adopted here. Recent attempts by Marshall and Peters® to 
evaluate its magnitude gave the value of 0-045 litre per 100 g. for viscose 
rayon. This v^ue has been made the basis of tentative calculations from 
the present expenmental data, although its application to never-dry viscose 
sheet may not be justified. 

The value of the carboxyl ion content [COO] is also unknown, and will 
depend on two factors, (i) the degree of ionisation of the carboxyl groups 
and (2) the proportion of ionised carboxyl groups that directly affect the 
absorption of dye. Calculations based on the arbitrary and constant value 
of 0-045 litre for W show that if the carboxyl ion content [COO] is equal 
to tile total carboxyl content of the viscose (3-0 milhmoles per 100 g.), tiien 
the substantivity ratio should be considerably reduced even at the highest 
salt concentrations of 5 and 10 g,/l. It should be stressed, however, that 
these calculations must be treated with reserve on account of the assump¬ 
tions involved. If they are valid, however, they would suggest that the 
carboxyl ion content effective in reducing the substantivity ratio, is con¬ 
siderably less than the total carbox}7l content of the viscose sheet. This may 
simply be due to an incomplete ionisation of the carbox}^! groups even 
though the pHs of the equilibrium solutions were about 6, i.e. to the fact 
that the hydrogen ion concentration is considerably higher in the cellulose 
phase than in the external solution. On the other hand, as Neale and 
Stringfellow® point out, "the distribution of the carboxyl groups in relation 
to the dye absorbing centres is not known." If some of the carboxyl ions 
exist in the crystalline regions of the viscose sheet, they might exert little 
effect on the dye absorption, which is probably confined to the amorphous 
regions. It is hoped to obtain further information on these points by an 
investigation now in progress on the absorption of Chiysophenine by acidic 
oxycelluloses prepared from cotton. 

EXPERIMENTAL DETAILS. 

Cbrysopheniiie G. 

The dyestuff Chiysophenine G (Colour Index No. 365) is a stilbene 
derivative with the constitution. 

NaOaS SOaNa 

I I 

C,H.O<^^N=N</^^CH=CH<(^^N=N<^^^OCsH5 

It was supplied by Messrs Imperial Chemical Industries (Dyestuffs) Ltd , 
in batch form, and was purified first by the method of Robinson and Mills® 
and then reciystallised several times from water/alcohol mixtures. Standard 
solutions were prepared from samples dried at 90° C. in a vacuum oven con¬ 
nected to phosphorus pentoxide tubes. The conductances of these solutions 
were within 0-5 per cent, of the values obtained for earlier samples; this 
showed that the purified sample was reasonably free from inorganic electro¬ 
lytes. The absorption spectrum of an almost completely exhausted dyebath 
agreed with that of a freshly prepared dye solution of the same concentra¬ 
tion; the conclusion was therefore drawn that the purified sample did not 
contain coloured impurities. 
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Viscose Sheet. 

The viscose sheet ^\as supplied by the British Cellophane Co , of Bridge- 
\^ate^, and was a special batch that had never been allowed to dry since 
manufacture. This never-dry sheet was kept in distilled water until required 
for use It 13 more highly swollen than the normal Cellophane sheet, the 
water imbibitions of the two types of sheet being 3 16 and i • 2 g of water 
per g of sheet, respectively. The sheet was freed from soluble impurities, 
and from metallic cations associated with the carboxyl groups, by 
first washing in distilled water and then steeping it in 0 i N hydro- 
chlonc acid. Finally, the sheet was washed with successive changes of 
distilled water until the wash water i\as neutral, and it was then stored in 
distilled water. Its ash content was 0 07 per cent. The carboxyl content 
of the sheet was determined by the measurement of its Methylene Blue 
absorption according to the method described by Davidson^ for oxidized 
cotton, the value obtained being 3-0 millimoles per 100 g 

Equilibrium Absorption Measurement 

The never-dry sheet was dyed at 90® C in resistance glass flasks con¬ 
taining a solution of known dye and sodium chloride concentration. Although 
prelimmarjj' measurements showed that eqmlibnum was generally attained 
within 10 minutes, the sheet was dyed for at least 30 minutes durmg which 
time the flasks were agitated The dyed sheet was then removed from the dye- 
bath, rinsed in ice-cold water, blotted and then immersed in a known volume 
of 20 per cent pyridine. When all the dye had been extracted, the sheet 
was dried at 110° C. and its dry weight determined. 

The concentration of the dye extracted in the aqueous 20 per cent 
pyridine solution was determined by measunng the optical density of the 
extract at a wave-lengtlr of 400 mp bj" means of a photo-electric spectro¬ 
photometer. (Chrji^sophenme is phototropic^ and the solutions were there¬ 
fore illuminated before measuiement) Since there are small deviations 
from Beer's law for solutions of Chrysophenine in 20 per cent, pyridine, tlie 
concentrations of the extracts were therefore interpolated from a curre 
relating optical densit}' and concentration From the concentration of the 
extract and the mass of dry sheet, the equilibnum absorptions were cal¬ 
culated as mg. per g of viscose sheet. 

Onl}" the dyebaths used to obtain the results shown in Fig 3 were 
buffered The stock buffer solution was prepared as follows A mixture 
consisting of 25 ml of n/io acetic acid, 12 3 ml of n/io sodium hydroxide 
and 0 1337 g sodium chloride was diluted with distilled water to a final 
volume of 200 ml For the preparation of each dyebath, a measured volume 
of the stock buffer solution was mixed with an equal volume of Chryso¬ 
phenine G of the appropnate concentiation 

The equilibnum measurements shown in Fig 4 were made at 90° C 
The dyebaths were prepared at room temperature and although the Chryso¬ 
phenine precipitated from those d3^ebath3 of relatively low pH, it dissolved 
again when ibe solutions were heated at 90® C , before the introduction of 
the viscose sheet 

The results have been shovm graphicallj^ in Figs i to 5, and the corre¬ 
sponding values, most of which are mean values of two or more measure¬ 
ments, are given m Tables I to V 

Potentiometric Titration and Absorption Spectra. 

^ 0*5 Chrj^sophenme G solution was titrated potentiometncalty 

with N/50 hydrochloric acid by means of a glass electrode. The titration 
curve so obtained did not differ significantly from that obtained by the 
progressive addition of N/50 acid to distilled water. 

The absorption spectra were measured by means of a photo-electnc spectro¬ 
photometer, die solutions being illuminated for 15 mmutes immediately before 
each measurement 
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Results. 


Tables I to III 


Elfect of Relative Mass of Viscose Sheet on the Equilibrium Absorption of 

Ghrysopheniue G 

(C) = Dyebatli concentration, mg per litre (E) = Equilibrium absorption mg 
pel g 

Relative mass of viscose, (a) = 0 015 g pei 100 ml, (&) = 0 52 g per 100 ml 


Table I (Fig 1) Uiibnjfeyed Dyehaihs containing 0 5g Sodnm chloride per hUe. 

Tewpeiahtre 90® C 



19 3 

58 

96 S * i 



"\E 

0 70 

1 50 

2 U 1 

1 


hS^ • 

31-2 

32 2 

70-3 i 

99 1 

103 

^\E 

1 36 

1 35 

2 27 ' 

! 

2 56 

2 82 


Tahh II (Fig 2) Unbuffeied Dyebaths containing 10 g SoiUnvi chloiide pei Iitie, 

Tcnipeuitine 90° C 



9 47 

19 0 

28 6 

3S 1 

1 477 

57 3 

®\E 

137 

2 34 

3 13 

4 11 

1 4 51 

5 20 


10 2 

10 9 

17 5 

24 1 

[ 38 2 

52 5 

^\E 

1 57 

1 

2 23 

2 85 

j 3 SI 

4 73 

Table III (Fig 

3) Dyebaths buffeied at pH 4 7 

Sodium ion Conceuitaiion equal to 

that 

in a Sohition contain in 

g 0 0 g Sodium chlot^de pei 1 



19 

' 39 

58 

1 

77 

97 

136 

^\E 

0 96 

1 61 

1 95 

2 44 

2 70 

3 45 

7,/C 

31 

64 

67 

99 ! 

' 105 

138 

^\E 

132 

1 90 

2 34 

2 SO 1 

2 80 

3 36 

1 


Table IV (Fig 4) 

Effect of pH on the Equilibrium Absorption of Chrysoplienine G on Viscose Sheet 

Concentiation of Chrysophenme m solution, 0 097 g pei litie Tempeiature 90° C , 
(E) = Equilibrium absorption mg per g 

A. Total Cation Concentration of Inorganic Electrolyte 0 01 ar 


pH 

2 07 

2 13 

2 42 

2 59 

2 82 

1 3 11 

3 43 

E 

4 08 

3 91 

4 20 

3 94 

4 11 

1 3 94 1 

1 

3 69 

ph 

3*79 

4 27 

4 57 

4GS 

4 76 

1 4 87 

4 98 

E 

3 45 

3 20 

3 14 

3 00 

2 S2 1 

' 2 73 

2 SO 

pH 

5 24 

5 39 

5 48 

5 58 

5 86 

60 


E 

2 66 

2 65 

2 44 

2 64 

2 52 

i 

2 53 



B Sodium Chloiide Concentration, 0 171 m( lOg /I) 


pH 

' 2 04 

2 12 

2 52 

2 64 

! 

2 SU - 

3 11 

3 42 

E 

8 24 

! 8 08 

8 IS 

i S 31 

8 33 1 

8 30 

8 05 

pH 

3 84 

4 IS 

4 27 

4 55 

4 06 1 

4 73 

4 87 

E 

7 75 

7 99 

771 

7 68 

7 70 , 

7 75 

7 53 

pH, 

5 08 

5 19 

5 40 

5 GO 

5 75 

5 95 


E 

7 53 

7 67 

7 37 

7*47 

7 34 , 

7 40 
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Table V (Fig. 5 ) 

Absorption Isotherms of Ghrysophenine G. on Never-dry Viscose Sheet at 90° G. 

Unbuffered dyebaths Relative mass of \iscose sheet 0 015 g /lOO ml 
(C) ss Dyebath concentration, mg per litre (E) = Equilibrium absoiption, mg per g. 



«.re .. 

48 

9-6 

19*2 

28 8 

38*5 

48*2 


“'^\E 

0-263 

0-452 , 

0*750 

0-988 

1*17 

133 

2 


1 

i o7-8 

67-0 ! 

77 1 

86*8 

96*4 


1 i-so 

1-61 

1*86 

2*00 

2*10 


2 









»-«{e 

4*77 

9-56 

19*2 

28-8 

38-4 

48 0 

0‘426 

0-753 

1*15 

1*45 

1*60 

2*11 

th 


57*7 

67-3 

76*9 

86-6 

96*2 


.S ' 

1 ' 

2*31 

2*65 

2*89 

3*08 

3*32 


0 

1i 

a 

a 

2-o{b 

4-93 

9-88 

19*1 

28*7 

38*4 

47*9 

0'543 

0*881 

1-37 

1*92 

2*40 

2*59 


67-6 

67-2 

76*9 

86*5 

96*0 



3-24 

3-48 

3*85 

4*32 

4*49 


•s 

®‘®{e 

2-36 

4*73 

9 50 

19*1 

23-9 

28*6 


0-424 

0-718 

1*21 

1*77 

2*27 

2*56 









A 


38-3 

47*8 

57 5 

71*9 

95*9 



3-03 

3 42 

3*92 

4*51 

5-51 


I 

^0 {I- 

4-87 

9 47 

i 19*0 

28*6 

38*1 

47*7 

0 

0-874 

1*37 

2*34 

3*13 

4*11 

4*51 


{1:: 

67-3 

66*7 

76*4 

85*9 

96*8 



6-20 

1 

6*67 

6*40 i 

6*99 

7*49 



Table VI 

Absorption Spectra of Ghrysophenine Solutions containing Sodium Chloride 
and Hydrochloric Acid, respectively 

Concentration of Ghrysophenine, 10 mg. per litre Thicloiess of optical cell, 1 cm 
Solution 1. 0-01 N m hydrochloric acid Solution 2. 0*01 N m sodium chloride 


Wave 

length 

mfz. 

Solution 1. 

Solution 2 

Wave¬ 

length 

mp 

Solution 1. 

Solution 2, 

Optical 

density 

Optical 

density. 

380 

0-628 

0*624 

430 

0-510 

0-508 

390 

0-687 

0*670 

440 

0*469 

0*459 

395 

0 696 

0*681 

450 

0*418 

0 409 

400 

0-693 

0-675 

460 

0*360 1 

0-352 

405 

1 0*656 

0*647 

470 

0*288 j 

0-287 

410 

0*836 

0-623 

480 

0*214 ' 

0-213 

415 

0-607 

0 591 

490 

0*143 ’ 

0*141 

420 

0*575 

0*564 

500 

0*089 1 

0*089 
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Part I. 

By S. A Shorter 
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I. INTRODUCTION AND StTVIMARY 

In the modem developments of the theory of the technique of formal 
textile design, a conception of fundamental importance has been that of a 
recurrent senes or '"cycle" of "steps," regulating the distnbution of 
elements within an^area defined as a single "" repeat" by the techmque of the 
process of production of the fabnc, for example, in a woven fabnc, by the 
schemes of drawing in the warp and of shedding if for the insertion of the 
weft. The general pnnciples underlying such distnbutions are mdependent 
of the precise nature of the elements distnbuted, being applicable, for 
example, when these elements are merely design " points " defining the mode 
of intersection of warp and weft of a woven fabnc, or at the other extreme, 
when they are features of an elaborate design In the former instance, the 
cycle of steps defines a simple type of design, of which the most familiar 
examples are the ordmaiy sateens In the latter mstance the cycle of steps 
defines a basis for the constmction of more elaborate designs, and in this 
sphere the importance of its study anses from the almost universal tendency 
for designs to be based on a mode of sub-division of the design space differing 
from, and possibly finer than, the technical repeat. 

The design, which realizes most simply the cycle of steps, is that in which, 
on each pick, only a smgle warp thread is raised within the weftway repeat, 
and m which each waip thread is raised only once within a warpway repeat 
Such a design must repeat on the same number of ends as picks, and may be 
represented by an arrangement of design " points " in a square lattice of the 
usual t5q)e, in which there is one, and only one, pomt in each row and each 
column of component lattice squares 

The present work, of which this paper is the first part, solves the problem 
of the enumeration of such designs, and m doing so, formulates a technique 
indispensible for the adequate development of the theory of the cycle of steps. 

This type of design has been the subject of a treatise of some 500 pages 
by Giovanni Strobino, entitled, "Teona delle armature fondamentali per 
tessuh," in which the enumeration problem is propounded, but regarded as 
presentmg msuperable difficulties 

In what follows the term '"elementary design" will be used as the 
equivalent of Strobino *s "armatura fondamentale," since there is some 
difference of opinion, among writers on the general subject of design, as to 
what designs should be regarded as "fundamental," this difference arismg 
naturally from the different methods of approach to the subject that are 
possible. In contexts where there is no possibility of ambigmty the simple 
term "design" will be used. 

There is a con^derable body of literature relating to the most famihar 
type of elementary design, the ordinary sateens, both in their direct aspect. 
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and where they are regarded as specifying modes of distribution of decorative 
elements and of subdivision of the design space There is, however, scarcely 
any literature relating to the general class of elementary design Even 
Strobino's treatise deals mainly with ordinary sateens, and touches only 
lightly on the more general topic m some 65 pages of text. Moreover, 
according to P. Rodon y Amigo the wider aspects of the subject have not 
hitherto been the subject of systematic stnfiy ('*E 1 trazado de figuras 
geometncos sobre escalonamiento irregulares no lo hemos visto studiendo por 
ninguin autor'').^ It is true, however, that some consideration has been 
given to the distribution of figures on the basis of the so-called ^'irregular 
sateens 

Section II of this paper deals with certain mathematical preliminaries 
which are indispensihle, not merely to the solution of the enumeration 
problem, but to future developments of the theory of the elementary design 
Three methods of specifying a design are considered, respectively, by means 
of (i) a square lattice contaming a single repeat of the design, (2) a set of 
numbers specifying the positions of the design points in such a lattice, and 
(3) a ** cycle of steps.” The third method makes use, in a precisely defined 
manner, of the well-known concept of a ” step ” and has the ment of yielding 
a umque mode of specification Each cycle of steps corresponds to a num¬ 
ber of “ arrays of steps ’ * which may be cyclically permuted without changing 
the cycle represented. The necessaiy and sufficient conditions for a set of 
terms to represent an array of steps are deduced, so that m essence the 
problem of enumeration is reduced to that of the enumeration of a particular 
type of cychcal permutation. As with other problems of this kind the 
relation between ”arrays” and "cycles” is complicated by the existence 
of cycles which consist of two or more repetitions of a sub-cycle In the 
present instance such cycles represent a special type of d^ign, which is here 
termed "sub-periodic,” Considered merely geometncally (i.e. apart from 
the weavmg process) these designs repeat over an area which is a sub¬ 
multiple of that of the technical repeat. The special conditions, necessary 
and sufficient for a set of terms to represent an array of steps of a sub- 
periodic design, are deduced, and from a consideration of these conditions in 
Section III, the general structure of these designs is elucidated, and it is 
shown how the general enumeration problem involves that of the enumera¬ 
tion of the various t37pes of sub-penodic design. In Section IV enumeration 
formulae are obtained and their use is exemplified for designs, for which the 
numbers of ends and picks on which they repeat range from 2 to 16 

In the Shorter Oxford Dictionaiy the word " enumeration ” is given two 
meanmgs, " i. the action of finding the number of an5dhing, 2. the action 
of specifying seriatim ” The former meamng is the more usual in 
mathematics, and is the one applicable in the present paper. The problem 
of enumerating elementary designs by means of a systematic detailed speci¬ 
fication IS, however, one requiring solution, and it will be considered in 
Parts II and III of this work. 

H, TERMINOLOGY AND GENERAL MATHEMATICAL TECHNIQUE 
Use will be made of the customary method of placmg design " points ” 
inside the small squares of a lattice formed by two mutually perpendicular 
sets of equidistant parallel lines, these points being regarded, for the purpose 
of specifymg distances, as situated at the centres of the squares they occupy 
These design points will be referred to simply as points'' where there is no 
danger of confusion with geometrical points, such as the points of intersection 
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of lattice lines. The small squares will be termed lattice squares/' and the 
side of a lattice square will be taken as the normal unit of length. The usual 
method of specifying the position of a pomt, design or merely geometrical, 
by its co-ordinates, will be adopted, the origin being taken at the centre of a 
lattice square, the x and y directions being respectively weftway to the right 
and warpway upwards The co-ordinates of design points will thus be 
integers, positive or negative The number of lattice squares on which a 
design repeats, warpway and weftway, will be termed the "'penod" of the 
design, and will be denoted by the sjnnbol m. It is, of course, the distance 
between adjacent pomts along a row or column of lattice squares. If {x, y) 
and (a;', y') are two design pomts corresponding to repeats of the weaving 
process, the number x and x' will leave the same remamder when divided by 
m, and the same is true t>f y and y ': or in the notaton of the theory of con¬ 
sequences, XB x' (mod m) and ysy' (mod w), the period m being thus the 
modulus of the congruences. Because of such congruences, many wnters 
refer to the period as the modulus of the design, but in the present paper 
this seems undesirable, as it will be necessary to consider congruences relative 
to other moduli Nevertheless, for convenience, sets of points, any pair of 
which have co-ordmates satisfying congruences such as the above, will be 
termed congruent, and the same epithet will be apphed to lattice squares 
whose centres are thus congruent, and a displacement between two con¬ 
gruent pomts will be termed a congruent displacement 

An arrangement of design pomts inside a square of side m, placed so 
that its sides lie along lattice lines, will be termed a “representative point 
arrangement," abbreviated in singular and plural to R P.A. A square of 
side m placed so as to display an R P.A. will be termed a “design square." It 
is useful to regard it as movable over an extended design: imagining for 
example, a sheet of opaque material, with a square hole cut in it, to be 
moved over the design Starting from some initial position, marked per¬ 
manently by thickened lattice lines, and moving either warpway or weft¬ 
way, the original R.P.A. cannot be reproduced until a complete period has 
been traversed. There are, therefore, at least m R.P.A. corresponding to any 
given design. On the other hand, there cannot be more than R.P.A., for 
there are not more than positions of the movable design square which are 
not entirely outside the original marked square, and which therefore do not 
yield an R.P.A. identical with one previously obtained 

Positions of a design square which yield the same R.P.A will be termed 
“ isographic Congruent positions are necessarily isographic, but the con¬ 
verse of this IS not true It will be convenient to refer to an isographic dis¬ 
placement meaning, of course, one which applied to a design square does not 
result m any change in the-R P.A displayed Points or lattice squares which 
define isographic positions will be termed isographic points Designs which 
possess non-congruent isographic pomts belong to a relatively rare but 
important class, the study of which is an mdispensible preliminary to the 
solution of the enumeration problem 

The specification of a design. The most obvious way of specifying an 
elementary design is to draw one of its R P.A. A more concise method is to 
state the co-ordmates of the design points withm a design square, giving 
the lowest row and extreme left-hand column the co-ordinate value i 
Assummg that the x values are taken m the order, i, 2 m, a. single array 
of numbers representmg the correspondmg y values is a sufficient specifica¬ 
tion. Such an array is a permutation of the numbers i, 2, ... m, taken m 
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at a time without repetition The complete set of m\ such permutations 
represents all the designs of penod m, but it does so m a highly repetitive 
manner, each design being represented by a number of permutations rangmg 
from m to nr 

A permutation of this kind will be called an ''array of co-ordinates'' 
Such an array may be cyclically permuted without changing the design that 
It represents, this process corresponding merely to a weft-way shift of the 
design square. Even if one considers an array to stand for itself and all its 
cyclical permutations, thus representing a "cycle of co-ordinates ", different 
cycles may be obtained by adding a constant number to each term, replacing 
terms greater than m by the congruent (mod m) term in the range i, 2 . m, 
this process corresponding to a warp-way shift of the design square. 

A unique method of specification may be obtained by makmg use of the 
concept of the "step", this being defined for the purpose of the present 
discussion as the warp-way component of the displacement from a design 
point in one column of lattice squares to the pomt next above it in the con¬ 
tiguous column to the nght From an array of co-ordmates . ym 

an array of steps is formed by a process of subtraction of consecutive terms, 
yielding the terms ya-Ja* • and finally yi-^yvij addmg m 

to any negative term, thus giving the number, congruent (mod m), m the 
range i to m-i Cyclically permutmg any given array of co-ordinates 
merely does the same to the derived array of steps, while adding a constant 
number to the terms of the onginal array of co-ordinates has no effect 
Hence a design is represented by a unique " cycle of steps " This expression 
will be taken to denote a cycle of m terms derived from a cycle of co-ordi¬ 
nates, though for certain designs this may he divisible into two or more 
sub-cycles. The set of points generated by the process of "stepping" 
accordmg to a prescnbed cycle will m general, for a single repeat, yield 
pomts outside the range of a single design square The points generated in 
this w^ay will be termed a " ladder of points ", and it will sometimes be con¬ 
venient to regard the design as specified by m successive pomts of this 
"ladder", rather than by m pomts within a single design square 

If on a design lattice one mserts a pomt and steps from it accordmg 
10 a prescnbed array of steps Si, So. ... Sm, insertmg pomts p2, pa, etc., the 
penultimate step will give the point pm and the final step $m will give a pomt 
pm+i congruent with pi Since and pm+i are congruent points, the sum of 
the steps of the complete array is given by 

S1+S2+ . -hSm-Mm . (i) 

w’here M is an integer. The array of steps, m addition to conforming to this 
equation, must fulfil the further condition that no sum of less than m con¬ 
secutive terms must be divisible by m, for otherwise there would be two 
points in the ladder, such that the points respectively congruent with them 
within a smgle design square would be in the same row of the square. These 
two necessarv^ conditions are also sufficient to ensure that an array of m 
assumed steps actually represents a design: for conformity with equation (i) 
ensures the correct penodicity, while the further condition ensures that the 
denved array of co-ordinates consists of a permutation of the numbers 
1,2, .. m, taken m at a time without repetition 

If a design has isographic non-congruent points, the sequence of steps 
must be the same from each such pomt, so that the complete array must 
consist of two or more repetitions of a sub-array, for example, of a set of a 
terms Si, Sg .Sc repeated n times, where Cyclically permutmg the 
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complete array does the same to the sub-array, so that one may speak of a 
"sub-cycle'' of steps. 

Designs of this kmd will be termed "sub-penodic In a warp or .weft 
direction a design square must, of course, always be displaced a full penod 
before the original R P.A is reproduced It is only m an oblique direction 
that an isographic displacement is possible withm a design square 

The general rules previously enunciated regarding the complete sum of 
the terms of the array and a partial sum of consecutive terms, assume special 
forms with sub-periodic designs Equation (i) becomes 

/z(Si + 52+. . . . + Sa)=Mw , . (2)' 

or S1 + S2+ (3) 

Moreover n and M must be mutually pnme, for otherwise, dividing equation 
(2) by their G.C.M. would 5neld an equation expressing the fact that a partial 
sum of consecutive terms is divisible by the period It is further necessary 
that no single term or sum of consecutive terms within the sub-array should 
be divisible by a For if such a sum or a single term Avere equal, say, to pa, 
it would be possible to find an integer q such that qMa+pa, which is a partiak 
sum of consecutive terms, is divisible by m, i e such that qM-hp is divisible 
by n This involves solving the equation nr-Mq=p for r and q m integers, 
which is always possible, since all allowable values of n and M are mutually 
pnme. 

As regards the suf&ciency of these special rules a qualification is necessary. 
Among the sub-arrays conforming to them, there will be some which consist 
of two or more repetitions of a submultiple sub-array, and these will yield a 
design for which the value of a is a submultiple of the prescnbed value. The 
rules thus ensure that the design represented has either the prescnbed value 
of « or a submultiple of it, and an exhaustive enumeration according to the 
rules will include all such additional designs 

If a design is non-sub-periodic there will be no isographic displacement 
within the ambit of a single design square, so that the design has R P A 
If the sub-cycle s. , 5 a of the design (Sj 5j . Sa)” is not divisible mto 
submultiple sub-cycles, an isographic displacement cannot have a weft-way 
component less than a* Hence the lattice squares in the first a columns of a 
design square are all mutually non-isographic, so that the design must have 
at least R P A. It cannot have more than this number since 

each of these lattice squares is isographic with squares in other columns of 
the design square, being in fact one of a set of n mutually isographic squares. 

Owing to this varying relation between designs and R.P A., the general 
problem of the enumeration of elementary designs involves the subsidiary 
problem of the enumeration of the different types of sub-penodic design 
This entails in the first instance a closer study of sub-periodicity, and this is 
made in the next Section 

When the sub-cycle of steps consists of a single term, the design repre¬ 
sented IS a simple twill or an ordinary sateen, according as this term is or is 
not equal to i or i It is a great convenience to have an expression to 
denote either of these two special types of design, and for this purpose the 
term '‘sateen-twill" will be used in this paper 

For a sateen-twill, equation (3) reduces to s=M, and the rule that n and 
M should be mutually pnme, to the well-known rule regarding the step and 
penod of a sateen (obeyed also by a twill) The rule relating to the partial 
sum of consecutive terms becomes irrelevant since no term can be descnbed 
as " within " the sub-array 
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III, THE STRUCTURE OF SUB-PERIODIC DESIGNS 

Consider an extended repeat of the design (s^ 5a .. 5a)“. Let a super¬ 
lattice of mesh a be superposed on the design by thickening every ath lattice 
line, honzontal and \ertical, thus dividing the design space into "cells'* of 
side a Consider a set of points selected from a ladder of points by taking 
every ath point, for example, the set Pi,Pa+u P2a+u etc It will be seen that 
every one of these points will occupy corresponding positions in their respec¬ 
tive cells—^if, for example, one occupies the third column and fifth row of its 
cell, so win all the others That the columns correspond is obvious from the 
mode of selecting the points; that the rows correspond follows from equation 
(3). The complete ladder of points contains n such sets, each having a 
common within-the-cell position, which will be seen to be different for each 
set as regards both columns and rows. As regards the columns, this is 
obvious from the mode of selection of the points: as regards the rows this 
follows from the condition that no partial sum of consecutive terms of the 
sub-array must be divisible by a. 

Suppose now that one erases all the points except those of a single set and 
the points congruent with them, and in addition erases all the lattice Imes 
except those of the super-lattice; and finally completely blackens each cell 
containing a point. This gives a design on an eiilarged scale in which the 
unit of length is the cell-side. In terms of this enlarged unit, the penod of the 
design is n» and the step of the new design point formed from the point Pi, to 
that formed from P OtI IS equal to (51+53+ a or iif, the new design 

being formed from a uniform ladder of points and their repeats on a penod 
n. Since M must be prime to n, this process of stepping will generate a 
sateen-twill. The step M will m general be greater than and may be 
replaced by the remainder left when M is divided by n. Denoting this reduced 
step by S, one thus has the relations S= {51+53+-+5fl)/^z(mod. n)tS<n, 

Sub-penodicity exemplifies m a special manner the general process of the 
‘' enlargement ” of designs. In this, the design points of a given basic design 
are " enlarged " into a motif ** consisting of a number of points in a finer 
lattice. In general the enlargement may be based on any type of design, 
and where as m the present mstance, the basis is a sateen-twill, the area of 
repeat, as defined by the weaving process, is a multiple of the actual minimum 
area of repeat 

With a sub-penodic elementary design, any a pomts whose x-co-ordinates 
are mutually all non-congruent (mod a) may be regarded as formmg a motif, 
the sateen-twill distnbution of which would generate the complete design 
In particular instances the visual appearance of the design may, of course, 
suggest a definite motif, as for example, when a points withm a single cell 
are distributed on a sateen basis. (The design (2,14,5)® is of this kind) 

The number n will be called the " order *' of the sub-penodicity, and the 
number a the "mesh". For a given period, these two numbers are alterna¬ 
tive methods of specifying one of the two charactenstics of the sub-periodicity, 
the other being the step 5 of the sateen-twill basis of enlargement. The 
symbol nfS will be adopted to specify this basis. For a prescnbed value of 
n, the step 5 may have any value less than n and prime to it; and the cus¬ 
tomary symbol (j>{n) will be used to denote the number of such values If 
one writes b—Sa the number b is the step measured m the onginal unenlarged 
imits, its complete range of possible values for all values of n being from i 
to m-i inclusive. Smce S^bja and n^mja, and since S and n are 
mutually prime, it follows that « is the G C.M. of m and &. Hence for a 
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given penod, the basis is uniquely determined by the value of h, and since 
conversely a given basis uniquely determines the value of 6, it follows that 
the number of possible bases is m-i. (This result is m accordance with a 
well-known theorem in the Theory of Numbers ) 

Those values of h which are pnme to m give a—i, and correspond to the 
ordinary sateen-twills, representing the limiting case of enlargement when the 
ratio of linear enlargement becomes equal to unity (when the penod is a 
prime number, the only possible sub-penodic designs are, of course, the 
ordinary sateen-twills) 
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To illustrate the above discussion, one of the R.P.A. of the design 
(10,7, 4)® is shown m Fig. i. For a design such as this, of order 5 and 
mesh 3, there are three sets of five points in a smgle repeat of the ladder 
constituted as follows. 

Pi P4 P7 Pio Pia 

P2 Pa P% Pii P14 

P-) pQ Pfl P12 Pl 5 

This division of the points into three sets is indicated by the use of three 
different kinds of mark. The enlarged sateen-twill denved from the set 
Pi Pa Pi3 in the manner described above is shown in Fig. 2 The step S 
is given by the congruence 5 = (10+7+ 4)/3(mod 5), and the inequality 
S<5, and is thus equal to 2, so that the basis of enlargement is the 5/2 
sateen. 


IV. ENUMERATION FORMULAE AND CALGUUATIONS 
In this Section the following notation will be adopted To denote the 
total number of elementary designs of any given period, the symbol X will 
be used with a subsenpt symbol indicating the period. To denote the number 
of sub-periodic designs of any given penod and mesh, the symbol Y will be 
used with two subsenpt symbols, the first indicating the penod and the second 
the mesh. and to denote the number of R P A of such designs the symbol 
R will be used similarly. Thus the total number of designs of penod m is 
Xm, the number of sub-penodic designs of penod m and mesh a is Yma, and 
the corresponding number of R P.A, is Rma The sign of summation 5 
applied to an expression containing Y or i? will mdicate summation with 
respect to the symbol indicating the mesh, extending over all values, includ¬ 
ing unity, which are sub-multiples of a number indicated as a subsenpt to the 
sign of summation Thus 2 tYm» represents the result of summation over all the 

a 

values of t, including unity, which are sub-multiples of a. 

Consider the process of forming the R.P.A. of designs of penod m and 
mesh a. As in the previous section, let n—mj a. Let a design square be 
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divided into cells of side a by means of thickened lattice lines Consider 
first the number of R.P.A, which may be formed for a prescribed basis of 
enlargement This number is equal to the number of allowable ways of 
pktcing points m the first a columns of the design square, for these pomts 
form a motif which m conjunction with the prescribed basis determines the 
complete R.P A. The point in the first column may be placed in* any one of 
an positions This points and its sateen-twill distributed points monopolize 
n rows of the design square, so that there are only an-n positions available 
for the pomt in the second column. Similarly there are only an-2n positions 
available for the pomt in the third column, and so on The number of ways 
of filling the first a columns is therefore 

an(an-n){an-2n ). to a tenns or 

Since the number of possible bases of enlargement is (j){n) the total num¬ 
ber of R V,A. which may be formed is a\ 7 i^p(n). The method of formabon 
of the R P.A. is such as to include all those of designs whose mesh is a sub- 
mulbple of the prescnbed mesh; so that m place of equatmg the above 
number of R P.A to Rma, it is necessary to write 

Rma -h 'S.Rmi=aln^<p{n) .(4) 

a 

The relation between the numbers of designs and R P A deduced for sub- 
periodic designs in Secbon II is expressed, m the present notation, by the 

R„^=mxY„,^ .(5) 

where x is any allowable value of the mesh Making use of this relabon to 
convert the R values of equabon (4) to Y values, leads to the equation 

uYma=^ '~'YiiYmt . .... (6) 

a 

by means of which, for any prescnbed penod, the sub-penodic designs of 
the vanous possible orders, are readily enumerated 

When a=i, the designs are merely the ordinary sateen-twills, and this 
equation yields the known result 

. . ... (7) 

When a>x, and is a pnme number, the only sub-multiple mesh is unity, 
and the equation reduces to 

.( 8 ) 

Illustrative calculations for a few penods are given below. In these, and 
elsewhere, where there is no doubt as to the value of the penod, the different 
Y values are disbnguished by a single suffix indicafing the mesh. 


The allowable values of the mesh are i and 2, both pnme. Hence 
y,=^(4)=2 
y _ ll2X2)-^(4) _^ 


The allowable values of the mesh are i, 2 and 3, all pnme. Hence 
Y.=^(6)=2 
y ^ 3 -^( 3 )-»(6) _ 

2 

2l2>(2)-^>(6) _ 
r 3~ _ —2 
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The allowable values of the mesh are i, 3, 3, 4 and 6. For the prime 
values, calculations similar to the above, give Yq=4, Y^= 20 , and 

for the two other values, the calculations are as follows * 


,, 3 ' 3 “^( 3)-(2 4 + 4 ) 
-^ 


5’2‘^(2)-(3 20+2 4+4) 

Y,= ---=628 

0 

A formula for the calculation of the number of non-sub-penodic designs 
may be obtained by equating the total number of R P.A to the sum of 
the numbers of R P.A. of the separate types of designs^ making use of the 
appropnate form of equation (5) for the sub-penodic designs, and of the fact 
that the non~sub-penodic designs have R.P A. The resulting formula is 
identical with that obtamed by writing a-m and n-i in equation (6) and 
mterpreting the S5unbol Ymm as the number of non-sub-periodic designs, thus 
regardmg non-sub-penodicity as the limiting case of sub-penodicity when 
the mesh becomes equal to the period. The formula is 


mYmm.-{m-i)l-'^iY-niu. .. . ..(9) 

m 


For the period 12, for example, this takes the form 

laYun.=II! - (Yi + 2Y, + 3 Y3+4^4+ 6 Y,) 

which, makmg use of the Y values previously calculated, gives 

Yx2-i2=3>326,054. 

The total number of designs is, of course, the sum of the numbers of the 
(Merent types, i e. 

JCm^Ymi (l^) 


Thus X12=3,326,054+628+78+20+4+4=3,326,788 


Eliminabng Ymm between equations (9) and (10) gives 


m 

expressmg Xm m terms of the numbers of sub-periodic designs 
pnme periods this reduces to 

mXm={m-i)l -f (m-if 

Thus for the penod 7, 


V 61 + 6 ^ . 

X^- -= 108 


. . . (II) 

only; and for 

(12) 


The results of these enumeration processes for periods up to 16, are given 
in the Table For the non-sub-penodic designs, the allowable values of the 
mesh are given in order of magnitude as a single line of numbers under the 
appropriate heading, and the related values of the number of designs are 
given similarly in corresponding order Thus for the penod 12, the Table 
shows that the allowable values of the mesh are i, 2, 3, 4 and 6, and that for 
these values the numbers of designs are respectively 4, 4, 20, 78 and 628 
In his treatise Strobmo correctly envisages the possibility of reducing the 
general problem to that of enumerating the vanous types of design which do 
not possess "scoccomenti irregolari total!'' (t.e. the vanous types of sub- 
penodic design); but in the absence of adequate insight into their structure, 
he IS unable to solve this subsidiary problem, and indeed regards it as prac¬ 
tically insoluble He is able, however, to enumerate the designs of pnme 
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Period 

1 Sub-penodic Designs 

' 1 

Number of 

NoTi-sub-pe‘*'if'd m 

Tntal 

Mesh 

Number 

Designs 

of Designs 

2 

1 

1 

0 

1 

3 

1 

2 

0 

2 

4 

1. 2 

2 0 

1 

3 

6 

1 

4 

4 

8 

6 

1. 2. 3 

2 2 2 

18 

24 

7 

1 

6 

102 

108 

8 

1. 2. 4 

4 . 2.10 

624 

640 

9 

1. 3 

6. 10 

4,476 ; 

4,492 

10 

1. 2. 5 

4 8 76 

36,248 ! 

36,336 

11 

1 

10 

329,980 1 

329,900 

12 

1 2. 3. 4. 6 

4 4 20 78. 628 

3,326,054 ! 

3,326,788 

13 

1 

12 

36,846,276 ' 

36,846,288 

14 

1 2 7 

6 IS 6582 

444,783.906 

444,790,512 

15 

1. 3. 5 

8. 64 776 

6,881,865,808 , 

5,881,866,666 

16 

1. 2. 4. 8 

8 12 184 80544 

81,729,607,780 ! 

81,729,688,428 


penod, since all that is required is a knowledge of the number of sateen- 
twills. He IS thus reduced to what he terms an '' experimental investigation/' 
which in essence is a process for eliminating repetitiveness from the complete 
set of m\ arrays of co-ordinates. First, this number is reduced to (w-i)! 
by selectng only those arrays with the term i in the first place (the rejected 
arrays being merely cychcal permutations of these). From these (w-i)l 
arra}^, 2x2 repeats are drawn and by an examination of these, repetitions 
are eliminated. This process is illustrated m full detail for the periods 3 and 
4. Strobino displays also the R.P.A. (“punteggiature") of the designs of 
periods 5, 6, 7 and 8, but it is not clear whether or not these were obtained 
by a similar process (which would be excessively laborious for the larger 
periods, involving, with the period 8, for example, the drawmg and examina¬ 
tion of 5040 two by two repeats contammg in all 161,280 design points). 
He abbreviates to some degree this cumbrous method of specification by 
regarding each R.P.A. as representing itself and its reflexion in a mirror 
placed with its plane normal to the plane of the design, intersecting it along 
a warpway line; and he uses special symbols to denote whether or not this 
reflexion yields a different design. These symbols indicate, of course, the 
absence or presence of a particular type of S3nnmetry. For example, in the 
case of designs of period 6, he displays 14 R.P.A., of which 10 are marked 
as standing for two designs and 4 as standing for only one, yieldmg a total 
of 24 m agreement with the result given above ® Strobino, however, gives 
14 as the number of designs, but it will be clear that this is an arbitrary 
figure, obtained by takmg account of only one of the possible types of sym¬ 
metry. He regards, for example, the design 112143 as the same as 325455, 
its reflexion in a warpway mirror; but as different from 341211, which is the 
result of turning it upside down. 

In taking account of symmetry, all possible t57pes should be considered 
This leads to the drawmg of a clear distmction between two essentially 
different concepts, first, that of an elementary design, whose individuality 
depends upon a certain relative arrangement of pomts, and also on the 
relation of this to an external frame of reference; and secondly, that of a new 
entity, whose individuahty depends only on the former of these two charac¬ 
teristics. For convenience of reference this latter entity will be termed a 
primitive pattern." The relation between these two entities wiU depend 
on the relevant types of symmetry which are possible. These types relate to 
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invariance to. such reflexions and rotations as maintain, vnih possible inter¬ 
change, the two onginal directions of the lattice lines. (For example, of the 
axial and central symmetries possessed by the so-called "square" sateens, 
only the latter is relevant.) In the absence of any of these symmetries, a 
primitive pattern corresponds to eight designs, but owing to the possible 
relevant types of symmetry, this number may be reduced to four, two or even 
only one. For example, among the designs of penod 8, the design 11122764 
is one of a set of eight corresponding to the same primitive pattern, the 
design 11122522 is one of a set of four, the design 12467642 is one of two, 
and the design 16427246 is the only design derivable from its related 
primitive pattern 

The detailed enumeration of the designs of any period may be abbreviated 
by specif5dng one only of each set of designs corresponding to the same 
primitive pattern, with some indication of how the remainder are derived: 
and this procedure will be adopted in Part III of the present work. The 
necessary prehminary study of the types of symmetry relevant to the abbre¬ 
viation of the enumeration process will be carried out in Part 11 . It is of 
interest apart from this particular application 
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11—THE FRACTIONATION OF STARCH 

PART I—THE ESTIMATION OF AMYLOSE 
IN THE PRESENCE OF AMYLOPECTIN 

By R S Higginbotham and G. A. Morrison 

{Copyright by the Textile Institute) 

The estimation of amylose in the presence of amylopectin is complicated 
by the fact that the amyloses and amylopectins of different starches are not 
chemically or physically identical, although amylose and amylopectm are 
chemically rather similar since both consist of glucose residues joined pnn- 
cipally by x-4 a-glucosidic linkages. Amylopectin molecules are highly 
branched and are, in general, larger than amylose molecules, which are 
believed to be substantially unbranched The proportion of non-reducmg 
terminal glucose units is approximately o*a per cent, for amylose and 4 per 
cent, for amylopectm, and amylose contains about five times as many 
reducing groups as amylopectm. Both polysaccharides yield maltose on 
treatment with ^-amylase, only amylose is quantitatively converted to 
maltose, the maximum 3neld from amylopectm being about 55 per cent. 

The amyloses and amylopectins are, however, sharply differentiated by 
their reactons with iodine, and this is the basis of all the practcable methods 
for estimating amylose. These depend either upon the potentiometric deter¬ 
mination of the amount of iodine absorbed under specified conditions,^ or 
upon measurement of the colour-intensity of the iodme complex.**®**»®»*»^ The 
authors have investigated methods of both types. The former appears to be 
the more accurate and has the advantage that conditions can be chosen under 
which the pure unfractionated amyloses of the common starches (sago, 
potato, tapioca and maize) absorb the same amount (21 per cent.) of iodine, 
whereas amylopectins absorb a negligible amount (0*5 per cent or less). 
Only simple apparatus is required, and a procedure in which the only special 
equipment is a sensitive galvanometer is described in the present paper. 
Colorimetric methods are more convenient, but the lodme complexes of the 
amyloses and amylopectins of different starches have different absorption 
characteristics,’^ for which due allowance must be made. 

1. POTENTIOMETRIC TITRATION 

The difference m the affinities of amylose and aihylopectin for iodine, 
first demonstrated by Bates, French and Rundle^ by potentiometric btration 
is illustrated by the results (Fig. i) for pure potato amylose* and pure 
potato amylopectin* titrated with iodine at 35“ C, in the presence of 005N 
potassium iodide and o* 05N potassium chlonde. For both matenals Ihe 
percentage of iodine bound is a function of the concentration of free iodine, 
but there is a well-maried discontinuity with amylose, which at iodine con¬ 
centrations of the order concerned m Fig, i binds far more iodme than does 
amylopectin. With increasing concentration of iodine (Fig. 2), the amount 
of iodme absorbed by amylopectin gradually approaches that absorbed by 
amylose It has been suggested"'’^ that the first stage in the absoiption of 
iodine by amylose is the formation of a complex in which the amylose mole¬ 
cules are coiled into helices having about six glucose units per turn and con- 
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taining iodine molecules and tri-iodide ions At the point B (Fig. i) all the 
amylose helices were assumed to be filled to their maximum capacity and 
thereafter iodine was presumed to be bound by '' adsorptionIt has been 
customary so far to characterise samples of amylose by the amount of iodine 
bound at the point D; BC is assumed to be linear, and is extrapolated to 
correct for any adsorption occurring m the first stage of the absorption pro¬ 
cess. It has been shown, however, that for pure amylose BC is not linear 
but an exponential curve (Fig. 2), and a straight line is obtained when the 
percentage of iodine bound is plotted against the loganthm of the concen¬ 
tration of free lodme (C) from C-io-* (20 per cent iodine bound) to 
C=5 X io“®N (24*5 per cent, iodine bound) Thus the pomts B and D have 
no special significance, and the first stage of complex formation is presumably 
complete when somewhat less than 20 per cent, of iodine has been absorbed. 
It has not been possible to determine accurately the point of discontinuity 
on the logarithmic graph. 



0 J 234g5432T 

FREE IODINE CONCENTRATION Logio FREE IODINE CONCENTRATION 
(equivalents x lO’Vlitre) (equivalents/IItre) 


Fig I Fig 2 

Curve (i). Pure potato amylose Curve (i) Pure potato amylose. 

Curve (2} Mixture of 22% amylose Curve (2) Pure potato amylopectm 

and 78% of amylopectin (calculated from data for amylo- 

Curve (3) Pure potato amylopectin pectin containmg 2 5% of amylose) 

(calculated from data for amylo- Iodide concentration o 05 n 

pectin containing 2 5% of amylose) 

Iodide concentration o 05 n 

Pure or nearly pure amylosra are, however, adequately charactensed by 
determining the amount of iodine bound at a defimte concentration of free 
iodme which is sufficiently high for eqmlibnum between iodme and amylose 
to be practically mstantaneous, but at which the amount of iodme absorbed 
by any amylopectin present is negligible; lO"' N is a suitable iodme concentra¬ 
tion, The pure amyloses of sago, maize, tapioca, and potato starches all 
absorb 21-0 per cent, of iodme m the presence of io-®n free iodine, o-o5N. 
potassium iodide and o-05 N potassium chlonde at 25° C.' whereas the corre- 
spondmg amylopectins absorb from 0 i per cent, to 0-5 per cent, iodme. 
Throughout Ibis senes of papers the amount of iodine bound under these con¬ 
ditions will be referred to simply as the “ iodme absorption ” and for pure or 
nearly pure amyloses it is almost exactly equal (within o-i per cent.) to the 
value obtamed by assuming that BC (curve i, Fig. i) is linear over the range 
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C=io-“N to 5 XI0-® N and extrapolating it to C=o, or to the point D. Thus 
the “iodine absorptions” quoted in this paper are comparable with those 
of other workers By definition, “ iodine absorption ” is determined at 
125“ C, but the amount of iodine absorbed by pure amylose m the presence 
of io-’n iodine is not very sensitive to the temperature between o® C. and 
35‘C (212 per cent, at o° C., ao o per cent, at 35“ C.). 

For mixtur^ of amylose and amylopectin, the curves relatmg the per¬ 
centage of iodine bound with the concentration of free iodine are mter- 
mediate in shape between the curves for the individual matenals^ and exhibit 
a well defined discontinuity (E, curve 2, Fig i), When amylopectin pre- 
donunates, the proportion of amylose m the mixture is most accurately 
determmed by dividing the percentage of iodine bound at the point of dis- 
continmty by the percentage of iodine bound by the pure amylose at the 
same concentration of free iodine. When the concentration of free iodme is 
low, the amounts of iodine bound by both amylose and amylopectin 
decrease ivith increasing temperature (Figs. 3 and 4) Over the range 0° to 


20 


15 


10 


5 


FREE IODINE CONCENTRATION 
(equivalents x 10“®/litre) 

3 Fig 4 

Potato amylopectin containing 25% Pure potato amylose Iodide conceii- 
amylose Iodide concentration o 05N tration o 05N 

40° C,, the temperature coefftcient for amylopectin is much the greater and 
the discontinuity in the iodine absoipition curves for mixtures of amylose 
and amylopectin is the sharper the higher the temperature, and, when only 
a small amount of amylose is present, may disappear at lower temperatures 
3*) There appears to be no advantage in using a temperature higher 
than 35° C , but a lower temperature is undesirable. With mixtures con¬ 
taining more amylose than amylopectin there is no need to determine the 
point of discontinuity, the proportion of amylose is given with sufScient 
accuracy by the ratio of the percentage of iodine bound at a free iodine con¬ 
centration of lo^^N (determined by interpolation from three or four observa¬ 
tions at free iodine concentrations between 0 5 x io“®N and 5 x io~®n) to the 
iodine absoiption of pure amylose. 

The accuracy of the potentiometnc method has been investigated by 
applying it to the analysis of mixtures of pure amylose with amylopectn, 
of known composition (Table I) The error is i per cent, or less when more 
than 50 per cent of amylose is present and increases as the amount of 
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Table I 

Analysis of Mixtures of Amylose and Ajnylopectiu 


Potato amylose and Potato amylopectm 


Tapioca amylose and Tapioca amylopectm 


Amylose 
in mixture 

/O 

Found 

% 

Error 

% 

Amylose 
m mixture 
% 

Found 

% 

Erroi 

0 / 

/o 

31 

3-4 

10 

23 

20 

16 

19 7 

20‘0 

15 

75 

7*1 

5 

47 8 

47 2 

1 3 

29*9 

29*4 

1 7 

64 7 

64 6 

02 

39 4 

39 2 

05 




81 7 

1 82*0 

03 


Table II 


Starch 

Amylose 
calculated from 
lodme absorptions 
of separate fractions 
0 / 

/o 

Amylose 

by 

direct titrations 

0 / 

/o 

Error 

% 

Amylose 

from 

"Blue Value" 
% 

Enor 

% 

Maize 

' 28 5 

26 5 

1 8 

25 4 

10 

Sago . 

26*3 

26 9 

2 

24*4 

7 

Potato 

22 1 

21*3 

i ^ 

23 2 

6 

Tapioca 

18 0 

18*4 

1 2 

17 8 

1 


amylose decreases. The amylose contents of sago, potato and tapioca 
starches (Table II) determined after dissolution in N-potassium hydroxide®’ 
are in excellent agreement with the values calculated from the amylose con¬ 
tents of the fractions separated after dispersing the starch by autoclaving or 
otherwise.* With maize starch, there is an appreciable discrepancy which is 
most probably related to the presence of about o*i per cent, of fatly acid 
which cannot be removed by extraction of the granular starch with methanol, 
but which is easily removed after dispersion of the starch in water. Since 
the separated fractions are treated with good fat solvents (methanol or 
butanol) they do not contain fatty acid. It has been shown that addition 
of fatty acid to amylose reduces the amount of iodine it absorbs. 

2 . COLORIMETRIC METHOD 

Amylose can be determined colorimetrically because there is a large 
difference (about loooA) between the wave-lengths of maximum absorption 
of the iodine complexes of amylose and amylopectm.^ The m aY imn m 
extinction coefficient for amylose is greater than that for amylopectm, 
especially when the concentration of free iodine is low ^ Colorimetric methods 
are more arbitrary than the potentiometric method because the extinction 
coefficients of the iodine complexes of both amylose and amylopectin vary 
with the concentration of free iodine, and, to some extent, with the variety 
of starch.^ When the concentration of free iodine is fairly high, the influence 
of temperature can be neglected. 

In the present paper attention is confined to one of the proposed methods, 
namely. Bourne and Peat's modification® of the method of Hassid and 
McCready * In this method, the test solutions contain 5 mg of carbo¬ 
hydrate, 10 mg^ of iodine, 100 mg. of potassium iodide and 20 mg. of 
sodium chloride in 500 ml. of water. If the carbohydrate is pure amylose, 
about I mg. of iodine wiU be absorbed. Thus the free iodine concentration 
may vary between o-00014 N 0 000155 n, which will entail a variation of 

not more ffian i per cent, in the extmction coeffiaent of the iodme complex. 
In Hassid's original method, a Klett-Summerson photo-electric colorimeter 
was used with a red filter, and the soluton was placed in a ao mm. cell. 
Peat used a “ Spekker Absorptiometer " with a red filter and a 40 mm. cell; 
the results are reported as Blue Values ". " Blue Value " is defined as the 
optical density of a layer of solution 40 mm. thick, corrected for the optical 
denaty of the free iodine. 
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The Blue Values'' of pure amyloses (iodine absorption—^21 o per cent.) 
and nearly pure amylopectins have been determined. The amoimts of 
amylose (1-2 per cent, for sago, potato and tapioca, 6 per cent, for maize) 
in the amylopectms were detemuned by potentiometric titration, and the 
‘‘Blue Values"' of the pure amylopectins were calculated from Ihe “Blue 
Values" of the slightly impure matenals, and the “Blue Values" of the 
corresponding pure amyloses. The “Blue Value" of pure amylopectin 
varies from o 06 to o*i6, that of amylose from 1*26 to i'48, according to 
the variety of the parent starch (Table III). The results for amylose were 
reproduciWe to within i per cent Haworth^^ has reported a “Blue Value" 
of 0 02 for a fraction which remains in solution when a potato starch paste is 
treated with a mixture of thymol and cyclohexanol The proportion of the 
total amylopectin which is present m this fraction is not stated. To check 
the accuracy of the method, mixtures containing known amounts of potato 
amylose and amylopectin have been analysed. The amylose contents of the 
mixtures could be calculated from the “Blue Values" with fair accuracy 
(Table IV) provided that a correction for the contnbution of the amylo- 
pectm was applied The amylose contents of the natural starches calculated 
in this way from their “ Blue Values " (Table II) are m fair agreement with 
the values obtained by the potentiometric method. 


Table III 


Material 

(Pure) 

Per cent of total 
amylose or amylopectin 
in starch included 
in fraction examined 

“Blue Value** 

Sago amylose 

95 

1'48 

Tapioca amylose . 

93 1 

126 

Potato amylose . 

93 

1-41 

Maize amylose 

80 

140 

Sago amylopectm 

96 

0 06 

Tapioca amylopectm 

96 

0 08 

Potato amylopectm 

95 

016 

Maize amylopectm - . ! 

90 

0 08 


Table IV 

Analysis of Mixtures of Amylose and Amylopectin 


Amylose 
in mixture 
% 

Amylose 
calculated from 
No correction fc 

content 
*Blue Value ** 

)r amylopectm 

Amylose content 
calculated from “Blue Value *' 
Correction for amylopectin applied 


Error 

Result 

Error 


% 

% 

% 

3-8 

14 7 

290 

40 

5 

67 

17*7 

150 

72 

7*6 

165 

26*3 

60 

16 9 

2*4 

312 

39 2 

25 

31*4 

0*6 

70 6 

73*6 

4 

70*6 

0*0 


Materials EXPERIMENTAL 

The methods used to prepare pure amyloses and amylopectns have been 
described elsewhere.® The starches employed were good-quality commercial 
samples Sago, tapioca and potato starches were washed with distilled water 
before use; maize starch was extracted with hot, 85 per cent, aqueous 
methanol for several hours in a Soxhlet apparatus to remove as much of the 
fatty acid as possible, then washed with distilled water 

The iodine solution used m potentiometric titrations was prepared from 
a solution o*oioon in iodme, 0 500 n in potassium iodide and O‘ 50 ON in 
potassium chlonde which had been standardised against potassium 
dichromate. 
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Preparation of Solutions for Potentiometric Titration 

Amylopectins and granular starches were dissolved m N-potassium 
hydroxide ° Dissolution was complete withm 24 hours at 4® C Amyloses, 
in the form of the moist butanol-complexes, were dissolved in hot water 
saturated with butanol, and the butanol was removed by evaporation, fresh 



Fig 5 

water being added as required. The amounts of carbohydrate in all the 
solutions were determined by wet-combuston with potassium dichromate and 
sulphuric acid Since the result given by this method is slightly too 
low“ (98 per cent of theory for starch, amylose, amylopectin and glucose) a 
correction was applied to make the results comparable with those of other 
workers who have relied on direct weighing 
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Potentiometric Titration 

Essentially the method was the same as that used by Bates, French and 
Bundle,^ but the actual measurement of potential differences has been 
avoided The apparatus (Fig 5) consisted of two similar resistance-glass 
vessels Ai, of about 130 ml capacity provided with platmum wire elec¬ 
trodes El, Ej, glass mechanical stirrers Si, Sj, burettes Bi, Bs and an all¬ 
glass bridge filled with saturated potassium chloride solution The vessels, 
mounted in a metal frame, were placed in a thermostat kept at 25® C, The 
electrodes were connected to a Cambndge D'Arsonval galvanometer (sensi- 
hviiy t5o cm./micro-ampere, resistance 700 ohms) through a tapping key. 

Fifteen ml of an alkalme carbohydrate solution containing from 0*04 to 
0 20 g. amylose/ioo ml, was neutralised with hydrochloric acid, after which 
2*495 g of potassium iodide was added, the volume was made up to 100 ml., 
and the pH was adjusted to approximately 4*0 (yellow-green to Bromocresol 
Green) A portion (30 ml) of this solution was placed in one of the titra¬ 
tion vessels and diluted with 60 ml of water. Ninety ml of 0*05 N solution 
of potassium iodide, o-05N in potassium chloride and adjusted to pH 4*0, 
was placed in the other vessel. A predetermined volume of a o*ooin iodine 
solution was added to the test solution, and after equilibrium had been estab¬ 
lished (this required from less than one minute to ten minutes or more accord¬ 
ing to the concentration of free iodine) the same iodine solution was slowly 
added to the control solution until no current flowed through the galvano¬ 
meter when the key was depressed. From the result the concentration of 
free iodine in the test solution was calculated. (Normally the effect of tri- 
lodide formation and absorption of iodide by amylose or amylopectin upon 
the free iodide concentration could be neglected The procedure employed 
when this could not be done will be described in Part III of this series of 
papers ) The process was repeated until a sufficient number of points on the 
absoiption cun^e had been obtained. 

Colorimetry 

The method employed differed from Peat's modification of the method of 
Hassid and McCready only in the means employed to dissolve the materials. 
Solutions of amylose were prepared directly from the butanol complexes 
without the use of alkali; amylopectins were dissolved in hot water, and 
granular starches were dissolved in normal sodium hydroxide at 5® C. 
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12—THE FRACTIONATION OF STARCH 

PART II—THE SEPARATION OF AMYLOSE AND 
AMYLOPECTIN 

By R S. Higginbotham and G. A. Morrison 

(Copynghi by the Textile Institute) 

Recent researches have firmly established the heterogeneous nature of 
starch and much progress has been made towards elucidating the stnicture 
of the two main constituents, amylose and amylopectm. The techmque of 
separating these components has been greatly improved by the discoveiy 
that amylose can be preferentially precipitated from aqueous solutions of 
starch by certain orgamc compounds/ and several partial separations have 
been made in this way. (Table I.) Up to the present, however, a complete 
separation has not been achieved, and it is still not certain that starches con¬ 
tain only two sharply differentiated substances. 

The investigation described in the present paper was commenced in order 
to determine whether sago, tapioca, potato and maize starches could be 
separated quantitatively into two fractions consisting solely of amylose and 
amylopectm. The "iodine absorption" of the fractions^*® has been used as 
the critenon of purity. The fractions which have been assumed to represent 
"pure" amylose and "pure" amylopectm may well be non-homogeneous 
in chemical structure as well as m molecular size and attempts to fractionate 
them further are still in progress. The highest pubhshed value for the 
"iodine absorption" of amylose is 20-6 per cent.® for a fraction repre¬ 
senting about 15 per cent, of the total amylose in maize starch. By repeated 
crystallisation of impure amyloses from very dilute solutions in water 
saturated with butanol, a limiting value of 21-o per cent, has been obtained 
for products including from 80 per cent, to 95 per cent, of the total amylose 
in the starches exammed (Table II) and this figure is assumed to represent 
the value for pure, unfractionated amylose. Failure of other workers to 
obtain amylose of such high punty may be due to the use of too high a 
concentration during re-crystaUisahon This greatly reduces the efficiency of 
the process, as exemplified by the results m Table III. 

The " iodine absorption " of pure amylopectins, calculated from the iodo- 
metnc titration data for shghtly impure samples, range from o-i per cent, to 
0 5 per cent., according to the vanety of the parent starch No means of 
purifying amylopectin has yet been discovered, so the conditions of the 
initial precipitation must be chosen to keep the amount of amylose in the 
non-precipitated fraction as small as possible. The claim that amylopectin 
can be freed from amylose by treatment with cellulose®*®*^® has not been sub¬ 
stantiated; scoured cotton cellulose, freed from fatty impurities by extraction 
with methanol, absorbs less than o 10 per cent, of its weight of amylose, and 
the amount absorbed is not related simply to the amylose concentration 
(Table IV). 

The claims of other workers to have purified amylopectin in this way are 
based mainly upon the observation that amylopectin contaimng a small 
amount of amylose no longer gives a blue coloration with a trace of iodine 
after treatment with sufficient " cotton wool" or filter paper. This is due to 
formabon of a complex” between amylose and fatty impurities derived from 
the cellulosic material and not to absorption of amylose by the cellulose, for 
when the " punfied " amylopectm is extracted with methanol to remove the 
fatty substances, it again gives a blue colour with iodine The material 
extracted from cotton "wool" or filter paper by methanol prevents the 
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Table II 


Amylose 

from 

1 1 

‘Todine absorption” of product after 

N recrystallisations 

Fraction of total 
amylose included 
in final product 

N = 0 

1 

2 

S 4 5 

Sago 

i 18 7 

20 5 

20 9 

210 + 

97 

Tapioca 

17'8 

19 9 

20 9 

31 of 

93 

Potato 

18 5 

21 0 

21-0 


93 

Maize 

14 5 

18 1 

19 0 

20 1 21 0 21 Ot 

80 


^ Concentration during recrj^stalhsation, 0*2 per cent unless other¬ 
wise stated, 

f Recrystallised from 0 01 per cent solution 


Table III 


Material 

Concentration during 
recrystallisation 

“Iodine absorption” 

Initial 

After recrystallisation 

Impure sago amylose 

1'620 

18*0 

19 1 

Impure sago amylose 

0 237 

17*8 

20*5 

Impure tapioca amylose 

0*720 , 

161 

17*4 

Impure tapioca amylose . ’ 

0*307 

16*2 

19*1 


Table IV 


Amylose 

Concentration of 
solution 
(gm./lOO c c) 

Gm of amylose 
absorbed by 

100 gm. of cellulose 


r 

0*502 

0*072 

Pure tapioca amvlose 

i 

0*243 

0 048 

(Iodine absorption 21 0%) 

1 

0*148 

0*066 


L 

0 072 

0*039 


r 

0 419 

0 075 

Impure maize amylose 

i 

0-195 

0*060 

(Iodine absorption 18 7%) 

ii 

0113 

0*085 


k 

0 067 

0*061 


formation of the blue coloration, but scoured cotton which has been extracted 
with methanol does not aifect it. Since this work was completed Schoch^ 
has reached the same conclusion. 

In this investigation butanoP, pyridine® and iso-amyl alcohol^ have been 
employed as precipitants for amylose. At a smtable concentration pyridine 
gives similar results to butanol, but hot aqueous solutions of pyridine are 
better solvents for starch than hot water or hot water saturated with butanol. 
Arnyl alcohol is less specific than butanol or pyndine; it wiU sometimes pre¬ 
cipitate a larger proportion of the amylose, but the precipitates are always 
very difficult and sometimes impossible to punfy. 

It has been stated^ that complete dispersion of a starch is essential to a 
complete separation of its components There is, however, some ambiguity 
in the meanmg of the word '' dispersion It is possible to determine when 
the coarser elements of granule structure m a starch paste have been broken 
down by dilutmg a sample to a concentration of about 0*3 per cent and 
centnfuging in a gravitational field of about 1000 g. Under these conditions 
all the coarser granule fragments are precipitated and an arbitrary value for 
the proportion of starch in "solution'' can be determined This method 
has been used to provide a measure of degree of dispersion in this investiga¬ 
tion. However, even a paste which would be regarded as being completely 
dispersed by this criterion may still contain remnants of the ongmal granule 
structure, including both components Such fragments are extremely difficult 
to detect by any method at present available. 
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It IS desirable that ''complete dispersion'* should be achieved in the 
mildest possible way to ensure that the starch has been chemically modified 
as little as possible. Sago, maize, tapioca and potato starches differ m the 
extent to which they swell and dissolve when heated with water or water 
saturated with butanol under the same conditions (Table V), and each, there¬ 
fore, requires different treatment. The rate of dissolution is dependent on 
the speed of stirring as well as on the temperature With moderately vigorous 
stirnng, sago starch dissolved completely in water saturated with butanol 
within four to six hours at 90® C , potato and tapioca required one to two days 
under the same conditions, and ihe dissolution of maize starch was not com¬ 
plete after three days. All the starches dissolved within 2J hours at 125° C, 
]\Iaize starch dissolved completely at 90® in 30 per cent (the optimum con¬ 
centration) aqueous pyridine within 24 hours, 01 within 2 hours at 120® C 


Table V 

Starch concentration, , Stirring speed, oOO r p m , Temperature, 90°C 


i 

i 



Time of heating (hours) 



Starch 

Solvent 

1 

0 

4 

6 

10 

24 

53 

72 





Per cent Starch dissolved 



Sago 

Water saturated 

96 

97 0 

99 

100 





^\lth butanol 









Potato 

99 99 

73 

82 

93 

— 

98 5 

99 5 

100 


Tapioca 

99 99 

88 

95 

99 

99 5 

99 5 

100 



Maize 

99 99 

69 

77 

82 

85 

88 

— 

— 

93 

Maize 

30% aqueous , 
pyridine 

91 

94 5 

95 0 

97 

99*5 

100 




To detect any chemical modification of the starches which might have 
occurred dunng the separations, the intnnsic viscosities of the triacetates of 
the pure amyloses and amylopectins and, where possible, of the parent 
starches, have been determined This is considered to be more rehable than 
measurements of reducing power or alkali-labile value. The possible solvents 
for viscosity measurements with substantially unmodified amylose and amylo- 
pectm triacetates are chloroform, tetrachlorethane, dichlorethane, nitro- 
methane, nitroethane and i-nitropropane Tetrachlorethane is unstable, 
and the commercial product is a mixture of isomers which are troublesome 
to separate. Dichlorethane is not a powerful solvent, and is also unstable. 
Chloroform is inconvenient because of its high volatility, and does not com¬ 
pletely dissolve all amylose tnacetates Amylose triacetates dissolve 
completely m the nitroparaffins only at temperatures above 50° C., but once 
prepared the solutions are quite stable and their viscosities at 25° C are 
unchanged after storage for 10 days at 4® C (at this temperature a pre¬ 
cipitate or gel is formed which disperses again on warming to 25®) or one 
hour at _95°C. Amylopectm tnacetates usually dissolve completely at the 
ordinary temperature Nitroethane was used for the measurements reported 
in this paper. In most cases plotted against either c or was linear 
over the range examined, and the values of the intrmsic viscosity [ty] deter¬ 
mined by extrapolation of either curve were identical Values of the con¬ 
stant k', in Huggin's equation^® are reported Since the solutions exhibited 
anomalous flo^v even at the lowest concentration the values of [rj] are 
dependent to some extent on the dimensions of the viscometer. 

Of the starches examined, sago is most easily separated into its com¬ 
ponents (Table VI). When the starch was heated with water saturated with 
butanol for 2J hours at 90° C. (97 to 98 per cent, of the starch dissolved), 
96 to 98 per cent, of the total amylose was precipitated on cooling and could 
be purified without appreciable loss, except for an unavoidable random loss 
inherent in the mechanical manipulations That fraction of the amylopectin 
which vras precipitated initially along with the amylose could be recovered 
from the mother liquors from the recrystallisations The amount of amylose 
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which can be separated is not increased when the starch is dispersed by more 
drastic methods, namely, heatmg for 6 hours at 90° C. (100 per cent, starch 
dissolved) or for hours at 125“ C (lOO per cent dissolved) with water 
saturated with butanol 
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The tnacetates of the fractions isolated in duplicate experiments after 
mspersion of the starch at 90® C. had nearly idenhcal mtHnsic viscosities 
^e intrinsic viscosity of the triacetate of the original starch was i'46, and 
the weighted means for the separated components ranged from i 25 to i 32, 
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suggesting that very slight chemical modification may have occurred. The 
tnacetates of the amyloses isolated from autoclaved pastes were less uniform 
in mtnnsic viscosity, and two of them were considerably modified There¬ 
fore, with sago, autoclaving is both unnecessary and undesirable 

With tapioca and potato starches the mild method of dispersion success¬ 
fully employed with sago did not result in a complete separation of the com¬ 
ponents (Table VII). The proportions of the starches which dissolved were 
respectively 95 per cent, and 85 per cent. The most striking feature of the 
results is that, although the proportion of the total amylose precipitated 
initially is not much lower than when conditions giving complete dispersion 
are used, the losses dunng recrystallisation are considerable This suggests 
that granule fragments containmg both amylose and amylopectm which are 
present in the initial precipitate are broken down sufficiently dunng recrystal- 
lisation to prevent iheir precipitation by the centnfuge, but that sufficient 
amylopectm remains attached to the amylose to prevent its separation as 
butanol complex 

When these starches were completely dispersed in water saturated with 
butanol by suitable conditions of heatmg, an almost complete separation of 
the components was effected Heatmg for 40 hours at 90® C entailed more 
chemical modification of potato amylopectm (Table VII) and less modifica¬ 
tion of potato amylose than heating for 2^ hours at 125° C. An alternative 
method of producmg complete dispersion which does not involve prolonged 
heating or autoclaving is to pass a fairly concentrated (5-10 per cent) paste 
which has been heated for a short time at 90° C. through a homogeniser. 
Butanol or p5nidme may be used* as the amylose precipitant, the opbmum 
concentration of the latter being about 15 per cent by volume for these 
starches A very complete separation was achieved by this means 
(Table VIII), and the fractions isolated from potato starch were little, if any, 
more modified than when other methods of dispersion were employed With 
tapiQca, however, homogenising caused considerable modification of the 
amylose Pyridine gives a less pure and more bulky imtial precipitate than 
butanol. 

The triacetate of potato starch was almost insoluble and that of tapioca 
starch only partially soluble (95 per cent) m nitroethane even at 90®C., 
although the tnacetates of all fractions separated from the starches were 
readily soluble on warming This suggests that the granular starches may 
contain highly ordered regions which persist in the triacetates and resist the 
action of the solvent, or that they contain cross-linkages which are broken 
when the granules are dispersed in hot water, but remain intact during 
acetylation Slight chemical modification of the components dunng their 
separation would also increase the solubility of their tnacetates. Since sago 
tnacetate is readily and completely soluble, it is unnecessary to postulate the 
existence of any form of cross linking 

When maize starch was heated with water saturated with butanol for 
2I hours at 90® C., 80 per cent of the starch was dissolved and 83 per cent, 
of the total amylose was precipitated on cooling. The purity of the pre- 
apitate was very low and the loss of amylose dunng its punfication heavy, 
owmg to the presence of undispersed starch. Only 72 per cent, of the total 
amylose could be isolated at a punty of 98 per cent When the starch was 
heated for 2J hours at 90® C. with 15 per cent. p37ridine, go per cent, was dis¬ 
solved, the precipitate formed on cooling contained a higher proportion of 
amylose than in the previous experiment, the loss dunng punfication was 
smaller, and the final yield of pure amylose greater. (Table IX.) In accord¬ 
ance with expectation, more complete dispersion gave a better separation. 
Complete dispersion of the starch by a vanety of methods (Table IX) did 
not, however, give any further improvement. In general, not more than 87 
per cent, of the total amylose was precipitated initially and not more than 
80 per cent, could be separated pure. In one experiment in which a homo- 
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genised paste of maize starch in 20 per cent pyndme was saturated with 
butanol, the whole of the amylose precipitated on cooling, but 80 per cent, 
of the amylopectin was earned down with it. About 76 per cent, of the 
amylose was precipitated when an autoclaved paste of the starch in water 
saturated with butanol was allowed to cool. Addition of 5 per cent.^ of tso- 
amyl alcohol to the hot paste increased the amount of amylose precipitated 
on cooling to 87 per cent., but most of the additional matenal was lost to the 
mother liquor when the precipitate was rectystallised. 

The tnacetate of maize starch does not dissolve completely in nitroethane, 
though the triacetates of the separated components were all readily soluble 

These results suggest that even when the dispersion of maize starch 
appears to be complete, aggregates containing both amylose and amylopectin 
are present which probably include about 20 per cent, of the total amylose 
and 80 per cent of the amylopectm. The nature of the bonds which cause 
these aggregates is at present obscure, but most probably ordinary valence 
bonds are involved, smee hydrogen bonds or van der Waals attractions 
would presumably be broken by such dispersing agents as aqueous pyndme 
at 120° C. or n-KOH solution. 

Maize thus occupies a unique position among the four starches examined 
Since an absolutely quantitative separation of the components of sago, 
tapioca and potato starches has not been achieved, these also may co-ntain 
aggregates of the kind postulated for maize, but the proportion of the total 
amylose bound in such aggregates cannot exceed 3 per cent for sago and 
potato starches or 6 per cent, for tapioca starch 

EXPERIMENTAL 

Materials 

The starches were good quality commercial samples. The sago, potato 
and tapioca starches were washed thoroughly with distilled water before use. 
Maize starch was extracted for 36 hours with 85 per cent, methanol in a hot- 
jacketed Soxhlet apparatus to remove lipoid impunties. The pH of a 2 per 
cent, aqueous paste of the punfied matenals was 6*5 

Butanol (commercial) was purified by distillation with a column after 
addition of 15 gm. of sodium hydroxide per litre to resinify aldehyde impun¬ 
ties and combine with any free acid. 

PjTndine was shaken with stick caustic soda and distilled with a column. 

750 -amyl alcohol, of the grade used for rmlk testing, was used without 
any attempt at punfication. 

Nitroethane, supplied by Messrs. Impenal Chemical Industries Ltd , was 
freed frora acid by shakmg with 10 per cent sodium carbonate, washed with 
dilute sodium chloride solution, dried over fused calcium chloride, and dis¬ 
tilled under reduced pressure with a column. B R 34*5-55 0° at 95 mm. 
of mercury 

Preparation of Pastes 

In general, pastes were prepared by stirring a mixture of starch (200 g ) 
and solvent (10 htres) at 500 r.p.m in a Pyrex flask fitted with a reflux 
condenser and immersed in a thermostat. When 30 per cent pjmdme was 
the solvent, the starch concentration was twice as great and the paste was 
diluted with an equal volume of hot water before cooling Pastes for auto¬ 
claving were first heated and stirred for 2 hours at 90° C. Pastes for homo¬ 
genising were prepared by stirring a imxture of starch (200 g ) and solvent 
(3 litres) at 90® C. for 30 mmutes. The homogemser was fitted with a steam 
jacket to prevent undue cooling of the paste dunng the treatment. The 
homogenised paste was diluted to the desired composition with butanol or 
pyndme, and the final starch concentration was 2 per cent. Maize starch 
was dispersed m potassium hydroxide (Table X) as follows The starch 
(20 g) suspended in water (150 ml) was added to a quantity (500 ml,) of 
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I 3 N potassium hydroxide solution with mechanical stirring, and the resultant 
paste was kept at 5®C, for 3 days Pyndine (60 per cent., 250 ml.) was 
added (to prevent retrogradation after neutralisation) followed by a sufficient 
amount (100 ml.) of 6• 5 N acetic acid The solution was then heated to 80® C. 

Determmatioii of Percentage of Starch “ Dissolved” 

A quantity (lo ml.) of the hot paste (starch concentration 2 per cent.) 
was diluted with cold distilled water (50 ml). A portion (15 nd.) of the 
diluted solution was placed in a graduated tube and centnfuged for 30 
minutes in a gravitational field of about 1000 g. The starch concentrations 
of the uncentrifuged solution and the supernatant liquor {ci and Ca respec¬ 
tively) were determined by wet combustion with dichromate and sulphuric 
aad^®»^® after boiling off any butanol or pyndine. If v is the volume of the 
centnfuge tube occupied by the precipitate, the percentage of starch dis¬ 
solved is taken to be ioo(i5-v)c2/i5Ci. This value will be too low if the 
precipitate occupies an appreciable volume because of the entrainment of 
dissolved starch. 

Separation of Amylose and Amylopectin 

The pastes were allowed to cool slowly to room temperature, and after 
3 or 4 days the precipitate of impure amylose was separated by means of a 
supercentnfuge running at 35,000 r.p m. The weights of carbohydrate in 
the onginal paste and in the precipitated and non-precipitated portions were 
determined by drymg weighed samples at no® C. The weight of the pre¬ 
cipitated fraction was determined before removal from the centrifuge bowl. 
The matenal balance was generally correct to within r per cent. The amylose 
contents of the fractions were determined from their "'iodme absorptions ** ® 

The non-precipitated fractions were evaporated under dimmished pressure 
(5 cm. mercury) to about one-tenth of their origmal volume, and sprayed 
mto methanol contaming a little sodium acetate. The precipitates were 
ground with dry methanol, washed with ether, and dried at a low tem¬ 
perature. The products are referred to m the text as ''amylopectin" 
irrespective of whether or not they contain traces of amylose. 

Pure amylose was isolated from the precipitated fractions by repeated 
reciystallisahon. Twenty g. of impure amylose (in the form of the moist 
complex with butanol or pyridine) was suspended in a mixture of butanol 
(100 ml.) and water (900 ml) and strred at 90° C for i hour. The clear 
solution was poured teough a fine wire gauze mto 8000 ml of water and 
1000 ml. of butanol at 90° C., the mixture was stirred for a short time and 
then allowed to cool. The fractions were separated and analysed as before. 
Pure amyloses were stored as butanol complexes. 

Determination of the^Amount of Amylose adsorbed by Pure Cellulose 

Fifteen ml. of amylose solution was added to 2 g. of thoroughly scoured 
cotton which had been extracted with hot 85 per cent, methanol. The mix¬ 
ture was stirred occasionally during hours and the liquid was separated by 
centrifugmg. The concentration of amylose in solution was determined 
before and after this treatment by wet combustion with dichromate and 
sulphunc acid.“‘“ 

Preparation of Triacetates 

Amylose triacetate was prepared directly from the highly reactive butanol 
complex. A quantity of tiie complex containing 7-5g. of amylose, 
dehydrated as far as possible by repeated treatments with dry butanol, was 
suspended in pyridine (100 ml.) by vigorous mechanical stirring. The sus¬ 
pension was tiiien centnfuged and the precipitate washed twice with fresh 
pyridine to displace all the butanol. The washed precipitate was suspended 
in a mixture of 75 ml. pyridine and 75 ml. of acetic anhydride. A clear 
solution was produced within 12 hours at room temperature, but three days 
were allowed to complete the reaction. After removal of any foreign matter 
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(ceUulose fibre, dirt, etc) by filtration through sintered glass or by centn- 
fuging, the solution was poured into a mixture of ice and water. The tri¬ 
acetate was precipitated as a fibrous mass which was washed with distilled 
water till free from acid, and dned at a low temperature 

Amylopectms could be completely acetylated only after pre-swelling in 
aqueous p3^ridine, and great care was needed to ensure uniform dispersion 
A quantity (5 g) of amylopectin (ground in a mortar to pass a lOO-mesh 
sieve) was suspended in dry pyndme (35 ml), and a mixture of water 
(10 ml.) and pyridine (21 5 ml.) was added slowly with constant shakmg. 
The clear, uniform, viscous dispersion which formed was kept for 2 hours 
and acetic anhydride (100 ml.) was then added very slowly, the mixture 
being shaken after each addition and well cooled. After three days at 
room temperature the triacetate was recovered as described above Although 
the conditions of acetylation were somewhat less mild than for amylose owmg 
to the unavoidable presence of a little more acetic acid (from the added 
water) it is unlikely that any modification occurred, for the reaction was very 
rapid and the pH of the reaction mixture remained above 5. Attempts to 
acetylate pre-swollen amylopectin after removing the water as a pyndme- 
water azeotrope^^ were unsuccessful. 

It proved possible to acetylate potato starch after swelhng at 4® C. with 
85 per cent, pyridme/* but sago, maize and tapioca starches did not swell 
sufficiently under these conditions. All of the starches were sufficiently 
swollen after heating to 90® with 70 per cent, pyridme. A mixture of air-dry 
starch (5 g.,* passed through a lOO-mesh sieve), p3mdine (35 ml.) and water 
(15 ml) was heated to 90° during 30 minutes (with shaking), cooled, and 
mixed with a further quantity (50 ml) of pyndme. Acetic anhydnde 
(150 ml) was added slowly with vigorous shaking and good coolmg. The 
mixture was shaken overnight and stored for 5 days at room temperature, 
when a gel was formed which could be liquefied to some extent by shaking. 
The triacetate was isolated as before except that filtration was neither 
necessary nor practicable. 

Betermination of Intrinsic Viscosities 

A quantity (0 80 g) of tnacetate (dried %n vacuo over phosphorus 
pentoxide for two days at room temperature) was weighed accurately into a 
glass tube fitted with a ground-in stopper and nitroethane (20 ml.) was 
added The mixture was shaken for one hour at room temperature and then 
heated for 20 minutes at 60° C. The tube and contents were weighed before 
and after heating and allowance was made for any loss of solvent by 
evaporation. The cooled solutions were passed under pressure through a 
G-4 sintered glass filter. Dilutions were made as required. Measurements 
of viscosity were made m a viscometer (B.S.S. No. i) of the U-tube type 
adapted for pipette filling,^® in a thermostat at 25° ± -oi® C. The important 
dimensions were as follows: — 

CaT)i]larv/^“S^^ ■ 

diameter . 005 cm. 

Bulb capacity .. 5*0 ml. 

Mean head . .11.5 cm. 

Concentrations are expressed as g /lOO ml. solution. The flow time of 
the solvent was about 148 secs and was constant to within ±0*15 per cent, 
over a penod of some months. A kinetic energy correction was applied 
where necessary, 


" Iodine absorptions ” were determined by Miss M M Bridges, the pre¬ 
paration of the triacetates and the measurements of their viscosities were 
earned out by Miss J. Gosling, and some of the separations were made bv 
Mr, D. Goodison. ^ 
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13—MEASUREMENT OF MODULUS AND DAMPING 
CAPACITY IN TORSION AND IN BENDING FOR 
WOOL AND OTHER TEXTILE FIBRES 

By J. P A Lochner 

(Copyright by the Textile Institute) 

ABSTRACT 

A method is descnbed for the determination of the damping capacity for 
torsion of fibres. The damping capacity is obtained from the decay of tor¬ 
sional oscillations of a small disc suspended from a fibre 

A method for the determination of Young*s modulus for bending of short 
fibres is also described. Young's modulus is calculated m terms of length, 
diameter, density and fundamental frequency of transverse vibrations when 
excited to resonance by either an electromagnet or a sound field The dampmg 
capacity of the same fibre is determmed from the sharpness of resonance. 

Results obtained by the two methods of measurement of damping 
capacity are in good agreement for homogeneous fibres For fibres having a 
heterogeneous structure such as wool, the damping capacity for bendmg is 
not necessanly the same as the value for torsion. 

INTRODUCTION 

Young's modulus of wool and other fibres has been measured by various 
investigators.^ In all cases the fibre was stretched along its length and 
Yoimg's modulus determmed from the static stress strain relation below the 
elastic hmit. 

Forces in fibrous materials, however, produce bending as well as stretch¬ 
ing, For homogeneous substances the Young's moduh obtamed by bendmg 
and stretchmg are equal, but this cannot be assumed to be the case for most 
textile fibres. Carlene^ employed a static method of measunng the modulus 
by bending, but his method was not smtable for fibres of diameter smaller 
than 0*3 mm Yousef® measured the frequency of flexural oscillations of 
horsehair and other matenals m filament form when tapped. His method is 
also unsuitable for textile fibres. 

In the present paper a simple and accurate method of determining Young's 
modulus by transverse vibrations of fine fibres is descnbed. Furthermore, 
the effects of temperature, humidity, chemical treatment, etc , on the modulus 
can be studied very conveniently 

Up to the present attention has been paid only to hysteresis losses occur¬ 
ring during extension of textile fibres, and for this purpose fibres have been 
stretched far beyond the elastic limit. In the case of bending it is doubtful 
whether m practice the elastic hmit is ever exceeded and a study of the 
internal friction giving nse to hysteresis losses within the elastic limit seems 
to be imperative. Apart from the structural properties of a fabric, it is 
possible that the resistance against fatigue of a fabnc may depend very 
largely on the damping capacity or internal friction of the fibres and may be 
greater the higher the damping capacity, but whether this is the case or other¬ 
wise has still to be investigated. 

In this paper two methods for measuring the damping capacity of fibres 
are described. 

Analysis of the vibratng systems encountered is often simplified by the 
use of electncal analogies. Although not generally realized, the electrical 
circuit is the most commonly used vibrating system By suitable substitu¬ 
tion of coefficients in the differential equations describing the movement, the 
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solutions m A,C electncal theory can be used to good purpose in mechanical 
vibrating systems 

DAMPING CAPACITY 

Most materials exhibit appreciable plastic strain under cyclic stresses well 
withm the "elastic limit". This plastic strain, which accompanies the 
elastic strain, is responsible for the so-called mechanical hysteresis loop, the 
area of which represents the energy converted into heat during one cycle It 
IS this conversion into heat or absorption of kinetic energy that damps out 
the resonant vibrations of elastic bodies. 

The " damping capacity ", defined by O Foppl^ as the non-dimensional 
ratio obtained by dividing the area of the h3^teresis loop by the strain 
energy stored in the extreme position of the cycle, depends on the ratio of the 
plastic to the elastic stram, and is an important physical property of matenals 
to be used under alternating stresses Dampmg in any material depends on 
the amplitude of swing, the temperature of the specimen and on the number 
of stress cycles completed, but it does not become exhausted in time and is no 
indication of impending fabgue failure 

Thus, dampmg capacity is a property of genuine practical importance in 
judgmg matenals and can be relied on to the same extent as can the breaking 
point of the steel of a machme part. 

According to Foppl a material of high damping capacity is superior to one 
of low damping capacity for the following reasons: 

{a) According to elastic theory, there are severe local concentrations of stress 
at certam spots such as flaws, surface scratches, etc,, which may 
reach values from twice to five times the surrounding stress Con¬ 
sequently fatigue cracks are particularly prone to start from surface 
blemishes The effect of plastic strain is to lessen the mtensity of a 
peak stress by spreading it over a wide area On this account, the 
danger of starting a fatigue crack is diminished. 

(b) When a machme part is thrown into resonant vibration by a periodic 
exciting force, the amplitude of swing is held in check by damping 
resulting from the conversion of kinetic energy into heat This means 
that if a matenal possesses high dampmg capacity it will not be so 
severely stressed Resistance to fatigue failure depends essentially on 
the area of the hysteresis loop, i e , on the dampmg capacity of the 
matenal. 

Overhead cables stretched by a given force may fail by fatigue due to 
resonant vibrations excited by cross wmds. It is found that copper possessing 
strong dampmg properties is less likely to fail than light-metal alloys 
possessing greater tensile and fatigue strengths than copper 

For the same reason mine cables should be made of steel with a high 
damping capacity to absorb standing and shock waves. Similar conditions 
apply to the wmgs of aeroplanes, propellers of aeroplanes, crankshafts of 
internal combustion engines, bladmg of steam turbines, etc. 

Very often ropes and belts are made of organic fibrous matenals The 
useful life of such ropes and belts will depend on the dampmg capacity of 
the fibres of which they are made Similarly the strength and resistance to 
fatigue of fabncs depend on the dampmg capacity of its fibres The 
superiority as regards resistance to bendmg fracture of wool and nylon® over 
most of the artificial fibres may be due to the fact that their damping 
capacity is high compared with the dampmg capacity of the other fibres It 
IS, therefore, of the utmost importance to be able to measure the damping 
capacity of fibres. 
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DETERMINATION OF THE MODULUS OF RIGIDITY AND DAMPING 
CAPACITY FOR TORSIONAL STRAIN OF FIBRES 

The modulus of ngidity® and damping capacity of fibres can conveniently 
be measured by measuring the period and decay of damped oscillations of a 
s ma ll disc of known dimensions and weight suspended from a fibre of known 
length and diameter. 

There is no simple law which governs the variation of fnchonal forces in 
the fibre and forces due to the disc moving through the air offenng resistance 
to its motion. Expenments indicate that the law of resistance changes with 
the velocity of oscillation of the disc. For small veloaties, however, it is 
found that the retarding force, due to mtemal and air fnction is proportional 
to velocity. 

It is found that if we plot the amplitude of successive swmgs on a 
logarithmic scale vs number of swings, then a straight fine can be drawn 
through all points as long as the amplitude of oscillation is small (see Fig. 2). 
The ratio of one maximum to the next is given by 

. 

B2 ^3 O4, 


On 

Le. 8 = Log,-, .(i) 

where 8 is known as the logarithmic decrement and is readily obtained from 
the decay curves of Fig. 2 using the formula 

8=^Log„|i, .(2) 

0 

n being the number of swings and -2 the ratio of the amplitude of a certain 

swing to that of another swing n cycles later. 

The damping capacity defined as the non-dimensional ratio of the 
energy dissipated per cycle to the maximum strain energy is given by 


where 61 and O2 are amplitudes of successive swings 


. • ( 3 ) 


Values of determmed from samples of different materials are given in 
Table 2. The tests were conducted in a vacuum in order to elimmate air 
friction losses. It was found, however, that for ordinary textile fibres, the 
air friction losses are negligible compared with mtemal losses and tests can be 
conducted under atmosphenc pressure. 

If it is required to determine ^ for low loss materials such as quartz, 
glass, etc,, it will be necessary to., make a small correction for air friction 
losses. The air friction losses for a particular disc can be determined from 
the decay curves in air and in vacuum of the disc suspended from a quartz 
fibre. The decay curves of a silvered glass disc 1-07 cm diameter and 
0*0559 cm. thick, weighing 0*1185 grams, suspended from a quartz fibre 
7 12 cm, long and 0*0032 cm. diameter are given in Fig. 3. 

The disc is set into oscillation by suddenly removing a strong magnetic 
field from the vicinity of the disc Either a strong permanent magnet which 
produces a couple on the disc may be pulled away or the current through an 
electromagnet may be switched off. Even though the disc is made of glass 
the couple produced by the magnetic field will be enough to make it swing 
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To vacuum pump 
Fig I 

Apparatus for the determination oi modulus of rigidity and damping capacity for 

torsion of a fibre 



No of Cycles 
Fig. 2 

Decay curve for damped torsional oscillations of a disc suspended from various fibres. 
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The decay curve is recorded by reading the deflection of a hght spot 
reflected uia'the disc onto a scale The decay curve can also be recorded 
directly onto a moving photographic film, if reqmred 



No of Cycles 


Fig 3 

Decay curves for damped torsional oscillations of a disc suspended from a quartz 
fibre in air (a) and m a vacuum (&). 


The modulus of ngidity A" for the fibre of Fig i is measured by measur¬ 
ing the natural period of oscillation of the disc by means of a stop watch, 
and is given by^ 


izSnIJ 


( 4 ) 


where Jm=moment of inertia of the disc about the diameter 
/=length of fibre 
r=penod of oscillation 
D=diameter of fibre 

Using this formula, the moduli of ngidity of different fibres were deter¬ 
mined and tabulated in Table IL 

All these readings were taken m a vacuum, but could equally well have 
been taken m air. 


MEASUREMENT OF YOUNG’S MODULUS FOR BENDING 
OF A FIBRE 


The measurement of Young’s modulus for bending of a fine fibre by static 
methods presents considerable difficulties On the other hand, it is a very' 
simple matter when dynamic methods are employed 

It can be shown® that for a free bar, clamped rigidly at one end, the 
fundamental frequency and overtones of transverse vibrations are given by 


^ n{4S±ifK IE 

^ — 8 — W; 


Cycles / sec. approximately 


where 5 is zero or an integer, K its radius of gyration about the neutral axis, 
I its length, E Young’s modulus for the material and p its density In the 
case of the fundamental (S= 0 ) the expression is approximate only and a 
more accurate value of F is obtained by substituting the value i 19372 for 
the quantity (4S + 1) 
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For the determination of Young's modnlns we are interested only in the 
fundamental mode of vibration Substituting for (4S 4-1) the value 1-19372, 
equation (i) reduces to 

-E^=5i I ^ =51 dynes/cm= 

for a circular bar 

In our expenmental determination of Young's modulus for bending of 
fine fibres a straight fibre, about i cm long, was selected and clamped at 
one end in sealing wax. The fibre was then viewed through a travelling 
microscope and excited to resonate at its fundamental frequency 



Curves of fibre length vs reciprocal of square root of fundamental transverse resonant 

frequency 



frequency 

The length of the fibre was reduced in steps and the resonance frequency 

for different lengths of fibre measured. A curve of length vs. was plotted. 

VF 

Figures 4 and 5 give curves of length vs. for different matenals 

VF 
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These curves are all straight lines which should pass through the origin 
However, on account of imperfections in clamping, the effective length may 
be slightly greater when the fibre is loose or slightly less than the measured 
length when the sealing wax flows along the surface. 

By plotting I vs and taking the slope of the curve — • it is possible 
VF d^/VF 

to obtain a more accurate value for E using the formula 

o / dl 

Figs. 4 and 5 and Table I give results obtained with various fibres 

The accuracy in calculating E depends on the accuracy to which p, Z, D 
and F can be measured. The values of p for the different matenals were 
obtained from tables, but could also be measured by submersion m hquids. 
The length I was measured with a travelling microscope to i 0 i per cent, 
and the mean diameter D by means of a calibrated projection microscope to 
±z per cent. In this connection it should be noted that the square of the 
diameter enters into the calculation. Textile fibres show a greater or smaller 
degree of swelling with adsorption of water vapour, and the diameter should 
consequently be determined under the same conditions of temperature and 
humidity as the frequency of vibration, or the necessary corrections should 
be applied. The accuracy of the frequency as indicated on the dial of the 
calibrated resistance coupled oscillator used for excitation of the fibre was 
± I per cent 

EXCITATION OF THE FIBRE 
The fibre can be excited in two ways; 

(a) The fibre can be placed in the sound field of a loud-speaker driving 
unit, as shown in Fig. 6b, and the frequency adjusted until resonance 
of the fibre is observed; or 

(b) the fibre can be excited, by means of a disc recorder cutting head as 
shown in Fig. 6c, or a magnetic driver as shown in Fig. 7a. There will 
be a slight difference in resonant frequency, depending on the method 
of excitation, due to a difference in air loading in the two cases. 

Fig. 8 gives three resonance curves for a quartz fibre 0 62 cm. long and 
0-003 diameter, taken under different conditions. 

Curve (a) was taken in a vacuum with an electromagnet as exciting umt 
(Fig. 7 b). 

Curve {b) was taken in air by means of the same apparatus 
Curve (c) was taken in air and with sound field excitation. 

From these curves it will be seen that the resonance curve is very much 
sharper when taken in a vacuum (as indicated by the values of Q) than when 
taken m air. This is due to air friction Furthermore, there is a reduction 
in resonant frequency when taken in air due to the mass of a layer of air 
moving bodily with the fibre and due to the fnctional resistance of the air. 
It IS found, however, that when the fibre is excited by a sound field the 
resonance frequency is very close to that in a vacuum and the resonance 
curve IS also sharper than when the fibre is excited by the electromagnet in 
air. On the other hand, even if the fibre is excited by the electromagnet, the 
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Fig 6 

(fl) Loudspeaker driving units for measuring Young’s modulus of a fibre in an 
enclosed space 

(d) Loudspeaker driven unit for measurmg Young’s modulus of a fibre under 
atmospheric conditions 

(c) Disc recorder cutting head used as a driving unit 

error m resonant frequency due to the surrounding air is still well within 
the experimental error of frequency measurement if we measure frequencies 
to +1 per cent. 

Therefore, either a sound field or an electromagnet may be used for 
drivmg the fibre If an electromagnet is used, then care must be taken not 
to work too close to any of the resonance frequencies of the mfirbanira i 
s}rstem A stroboscope can be used to determine whether the vibration 
observed is a resonance of the fibre or a vibration of the mechanical system 

If It is required to determme the effect of humidity on fibres, then either 
the apparatus of Fig. 6a, consisting of two loud-speaker umts connected by 
a transparent tube or the apparatus of Fig. 7b can be used The latter is 
the less reliable method. 
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To vacuum pump 


r22S 



bending of fibres 

(&) Fibre excited under controlled conditions by the same unit 


Curvature of the fibre should be avoided if possible, by selecting straight 
portions Should a slight curvature be unavoidable, the fibre should be 
made to vibrate in the plane of curvature in order to reduce possible torsion 
to a mmimum 
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APPROXIMATE METHOD FOR THE DETERMINATION OF DAMPING 
CAPACITY FOR BENDING OF A FIBRE 

An attempt was made to determine the damping capacity from the 
resonance curve of the fundamental transverse vibration of a fibre clamped 
rigidly at one end 

The theory of transverse vibrations of a rod with internal and external 
losses, even when simplified as far as possible by the omission of quantities 
of secondary importance, is still very complex and it was foimd to be prac¬ 
tically impossible to determine the exact relation between damping capacity 
and the sharpness of resonance of the fundamental mode of transverse vibra¬ 
tions. Furthermore, the sharpness of resonance depends to a large extent 
on the method of excitaton of the rod 

An approximate relation between damping capacity and sharpness of 
resonance is obtained by considermg the fibre vibrating in its fundamental 
mode as a system of one degree of freedom. The sharpness of resonance of 
such a system is usually expressed by the symbol 

Q=:27€Fnilr ... . (5) 

where m is the lumped mass, r the mechanical resistance and F the resonant 
frequency 

The Q of the system at resonance is, therefore, defined as the ratio of the 
total reactance of the mass to the total resistance of the system, including that 
of the generator If AF is the difference in frequency between two points on 
the resonance curve, where the amplitude is 70 7 per cent of its maximum 
value, then 


Q 


F 

AF 


( 6 ) 


If the resonance curve is recorded, then the Q can be determined 
graphically and the logarithmic decrement determined from the formula 




(7) 


71 LF 

as in the case of the torsional resonant system the damping capacity is given 
bv equation (3), viz , 


Resonance curves for short fibres of different matenals were obtained in a 
vacuum (see Fig 7b) by observing the fibre through a travelling microscope 
and measuring the amplitude of vibiation by means of its graduated scale 
over the resonance frequency region, while excited by a resistance coupled 
oscillator and electromagnet The exciting current was kept constant over 
the whole region Q was determined for the resonance curves and 8 and 
calculated The results are tabulated in Table II 


The fibres for which the damping capacities were measured by this 
method were the same as those used when the damping capacities were 
measured under torsion in a vacuum, the results of which are also tabulated 
m Table II 


It will be seen that there is a close agreement between the damping 
capacities as measured by the two methods In the case of wool the damping 
capacity for bending is higher than for torsion for the two samples tested and 
the ratio of damping capacity for bending to damping capacity for torsion 
13 approximately equal in the two cases In the case of cellulose acetate the 
value for bending is also higher than the value for torsion 
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The value of ii is independent of length of fibre when measured m tor¬ 
sion, but when measured for bending by this method there is a certain 
variation with length. 



Fig^ S 

Resonance curves for a quartz fibre o 62 cm. long, o 0030 cm diameter excited by an 
electromagnet in vacuum (a), by an electromagnet in air ( 6 ), and by a sound field (c). 

The disadvantage of the vibration method is that the expenment can be 
earned out only in a vacuum m order to avoid air fnction losses which are of 
the same order of magnitude as the internal losses It may, however, be 
possible to take measurements under atmosphenc conditions and make a 
correction for air friction. 


Table I 

Young’s modulus {E) iot bending of textile fibres measured by tiansverse vibration 
under atmospheric conditions. No account was taken of temperature, humidity, etc, 
and the^values obtained are merely to illustrate the method and are by no means 

average values 


^Material 

Diameter 

(cm) 

dl 

(gmf/c c.) 

E 

(dynes/cm 2 ) 

Ardil , 

0 00224 

8'7 

13 

xlO^i 

0*760 

Quartz 

0 0020 

12 4 

2*66 


Casern 

0 0026 

8*6 

130 1 

0*538 

Nylon . . . 

0 0020 

70 

1*146 1 

0'3S2 

Alginate . • , 

0 0024 

9*4 

178 i 

1-230 

Wool 

0 0022 

8-6 

131 , 

0 747 

Acetate . . 1 

0 0026 

7-4 1 

130 1 

0 29S 


Table 11 

Damping capacity for torsion and bending of textile fibres taken in a vacuum. The 
values tabulated are not average values 


j 

Material 

1 

1 

Diameter 
in ems 

7 

[“orsion in vacuum 

1 1 .. 1 


Bendin 

g in vaci 

lum 

Length 

1 

N 

1 

d 

w 

Length 

5 

V > 

Quartz 

0 00321 

cm, 

7 91 

Dynes/cm ® 
XlO^ 
1*315 

0 026 

0 030 

cm 

0 91 

0 028 

0 035 

Human hair. 

0 00721 

7 48 

0 05715 

0130 

0 231 

1 16 

0129 

0 228 

Wool 

0*00254 

6*00 

0 4753 

0 207 

0 329 

0 73 

0 326 

0 479 

Wool 

0 00354 

5 91 

0153 

0140 

0 258 

0 59 

0*209 

0 342 

Nylon 

0 00204 

6 89 

0 2606 

0-468 

0 600 

0 77 

0 491 

0*625 

Acetate 

i 0 00260 

6 466 

0 05793 

0 250 

0 393 

0 668 

0 403 

0 552 
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14 -MOISTURE ABSORPTION, DENSITY AND SWELLING 
PROPERTIES OF NYLON FILAMENTS* 

By N J. Abbott and A C. Goodings 

(Ontano Research Foundation, Canada) 

{Copyright by the Textile Institute) 

INTRODUCTION 

Previous work has shown that nylon yam as it comes from the spinning 
mill IS in a quasi-stable state, and that certain treatments such as steaming 
or immersion in water will relax it, as evidenced primarily by a decrease in 
length This is apparent m the preboarding operation for nylon hose, and 
m the finishing of nylon fabnc, as well as m certain^ other commercial 
operations There is, m fact, some demand m the textile trade for nylon 
yam which has been preshrunk so that no further dimensional change will 
take place dunng subsequent processing 

The practical and scientific interest associated with this length contraction 
as well as with other features of nylon behaviour suggested a value to be 
gamed from investigating some of the physical properties of nylon m greater 
detail. In the present paper experimental data showing the dependence of 
moisture content, density and dimensions on relative humidity are recorded 
for both drawn and undrawn nylon filaments These properties are closely 
interrelated, and a knowledge of them is basic to further studies which it was 
desired to undertake on the effect of steam treatment on nylon fabrics It 
was anticipated that features of interest in connection with fibre structure 
and nylon filament behaviour might be exhibited by companson as well as 
individual examination of results on nylon in both the drawn and undrawn 
states. For this reason undrawn as well as drawn filaments were included m 
the mvestigations and the results obtained fully justified this approach to 
the work 

In a comprehensive paper on the physical properties of nylon, Speakman 
and Saville^ have recorded their experimental findings on the regain-relative 
humidity relationships of drawn and undrawn nylon, together with data on 
longitudinal swelling and density for drawn nylon filaments Certain of the 
findings of these investigators, however, showed differences from similar 
observations made in our laboratory. Since it did not appear reasonable to 
attribute these differences simply to the source of nylon used, invesbgafaon 
of possible reasons for the apparent discrepancies was indicated, and certain 
extensions to the work were pursued as a result 

In all the work to be reported type 66, 3 denier per filament, semi-dull, 
normal tenacity, unsized, unoiled yam was used for the drawn nylon, and 
the undrawn sample consisted of the corresponding material before dravsang 

A. MOISTURE ABSORPTION BY NYLON 
1. The Effect of some Liquid Treatments on Moisture Absorption 

If nylon yam received from the spinning plant is dned over a suitable 
drying agent without any pretreatment and then taken through a senes of 
humidities up to saturation and back to dryness, a marked hysteresis in the 
moisture regain is to be found The absorption curve so obtained is, however, 
no longer reproducible and further cycles of humidity give regain values 

* This paper was presented m part at the 1948 Annual Conference of the Chemical 
Institute of Canada 
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which agree closely with those read from the original desorption curve, 
whether the humidity at which the measurement is made is approached from 
the higher or lower side Wetting in water would therefore appear to bnng 
about an irreversible change in the moisture absorption properties; and it is 
conceivable that treatment with other liquids might similarly eHect some 
modification in the amount of absorption To investigate this possibility and 
to verify the irreversible change occasioned by immersion m water, experi¬ 
ments were conducted m which both drawn and undrawn nylon were 
subjected to several treatments and the regains determined at a selected 
relative humidity 
Experimental 

The moisture content at any relative humidity was determmed by 
weighing a bundle of filaments which had been dried to constant weight over 
anhydrous magnesium perchlorate and subsequently conditioned over a suit¬ 
able concentration of sulphunc acid solution - The same sample was used for 
all humidities, and approximated i gram in weight 

The nylon bundle was suspended by means of a gold wire inside a 
weighing bottle containing the sulphuric acid solution The wire, which 
extended through a short glass tube in the stopper of the bottle, could be 
hooked directly to the arm of an analytical balance for weighing. While the 
filaments were conditioning, the end of this glass tube was covered with a 
glass cap seated in rubber Under these conditions, the filament bundle w^as 
supported on a small perforated platform from which it could be raised clear 
when attached to the balance arm The weighing bottle was stored, well 
lagged, inside a capped glass jar which was then suspended in a water-bath 
operatmg at 70^ + 0 i°F The jar was removed from this water-bath only 
for weighings to be made, and the bnef interval of time required for this 
purpose, having regard to the heavy lagging, was not sufficient for the con¬ 
ditions inside the weighing bottle to change sensibly Weighings were made 
on successive days until checks were obtained to within ±0-0002 g. 
Assuming eqmlibnum, this provides regain values reliable to ±0-04 In the 
figures to be quoted, values of regain are recorded to the nearest 0-05 

Table I 


1 Regain 

Treatment - - - 


! 

1 

.. .... 1 

Drawn 

nylon 

Undrawn 

nylon 

Dried, and exposed to 89% R H 

Immersed in water at room temperature for 24 hours Dried 

6 45 

7 90 

and exposed to 89% R H 

6 70 

8 00 

Re-dried and exposed to 89% R H 

Immersed in ethyl alcohol at room temperature for 4 hours 

6*75 

7 90 

Washed m water, dried and exposed to 89% R.H 

Immersed in saturated aqueous solution of benroic acid at 
room temperature for 18 hours Washed in water, dried and 

7 25 

8 40 

exposed to 89% R.H 

Immersed in 1 % aqueous w-cresol at room temperature for 18 

7 00 

7 90 

hours Washed in water, dribd and exposed to 89% R H 

6‘20 

7 10 


In a first senes of experiments, samples of drawn and undrawn nylon 
were taken directly off the spool shipped from the plant and after suitable 
bundles had been prepared, these were taken through a senes of treatments 
which included soaking in water, ethyl alcohol, and aqueous solutions of 
benzoic acid and w-cresol, in that order. The latter two reagents were chosen 
pnmanly because of their more pronounced influence on swelling Thorough 



T234 


14 —Moisture Absorption, Density and Swelling 

washing in water followed the treatment with alcohol, benzoic acid or 
w-cresol solution and included soaking in water for a minimum of 24 hours. 
The regain values %vere determined at 89 per cent relative humidity. In 
Table I are shown the results of these experiments together with more detail 
of the actual treatments to which samples were subjected. 

The salient features of these results will be discussed in more detail later> 
but it should be noted m passing that the ability of drawn nylon to absorb 
moisture at high humidities is increased by immersion in water, while 
undrawn nylon is not appreciably influenced in this way. Moisture absorp¬ 
tion by both drawn and undrawn nylon is increased by immersion in alcohol, 
but decreased again by treatment in saturated benzoic acid solution. A still 
further marked decrease is occasioned by immersion in dilute w-cresol. 

In a second series of experiments, the nylon samples were soaked in water 
pnor to the first weighing and regain values were then determined under 
absorption and desorption conditions at 39 per cent, and 90 per cent. R.H. 
The effect of ethyl alcohol treatment on the regain was then also investigated 
at 59 per cent R H. approached from both the diy and wet sides. The 
results are shown in Table II, 

Table II 


Treatment 

i 

Regain 

Drawn 

nylon 

Undrawn 

nylon 

Dried, and exposed to 59% R H (absorption) 

4-05 

4-15 

Soaked m water at room temperature for 24 hours, exposed to 



59% R H. (desorption) . 

4 05 

4*15 

I>ried and re-exposed to 59% R.H, (absorption). . 

Exposed to 90% R H, (absorption) 

4-00 

410 

6‘90 

8*00 

Saturated and re-exposed to 90% R.H. (desorption) 

7 00 

8*10 

Dried, immersed m ethyl alcohol at room temperature for 18 
hours, washed in water, dried and exposed to 59% R H 



(absorption) 

410 

4*20 

Saturated and re-exposed to 59% R H (desorption) 

4-20 

4*25 


These experiments show that hysteresis m nylon is very small or non¬ 
existent, and that treatment with alcohol has a much less pronounced effect 
on the moisture absorption at 39 per cent, relative humidity than it has at 
89 per cent, relative humidity (see also Table I) 

2 . The Regain-Humidity Relationships of Drawn and Undrawn Nylon 

Because a nylon fabnc invariably receives wet finishmg treatment in the 
course of manufacture, knowledge of the complete regam-relative humidity 
relationship for nylon which has previously been soaked in water is important 
In addition, there are obvious advantages m using nylon so treated in further 
studies of the filament because of the greater stability induced by pre-wetting. 
Expenments to determme the regain values from dryness to saturation for 
both drawn and undrawn nylon, previously wetted, were therefore con¬ 
ducted. The fact that treatment with ethyl alcohol had been shown to 
modify the moisture absorption properties of nylon, and that this reagent 
was used by Speakman and Saville as a solvent for purification prior to their 
measurements of regam, suggested that a sample of drawn nylon which had 
been subjected to immersion m alcohol should also be included 

Experimental 

Skeins of drawn and undrawn nylon weighmg about 10 grams were reeled 
and immersed in water at room temperature for 48 hours, followed by drying 
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over anhydrous magnesium perchlorate for a similar period The wetting 
and drying were then repeated a second tme to ensure that water at room 
temperature would not be likely to effect any further change. One skein of 
drawn nylon was then immersed in ethyl alcohol at room temperature for 
5 hours, thoroughly washed with several changes of water, left immersed in 
water for 18 hours, rewashed and left in fresh water for a further 24 hours 
and finally dried 

For relative humidities from 23 per cent, to 66 per cent , the prepared 
skeins were exposed in a closely controlled conditioned room operating at a 
temperature of 70° F (21 i®C.), and weighings were taken to the nearest 
milligram. The initial dry weights were obtained by introducing the skeins 
into Nesbitt type absorption bottles through which dry air could be passed 
until constant weights had been reached. For the higher and lower humidities, 
bundles weighing approximately i gram were cut from each skein and a 
technique similar to that previously described was adopted Because nylon 
which has been pre-treated with water or alcohol shows little or no hysteresis, 
regain values taken under absorption conditions only were investigated. 
Results 

The results of the regain expenments are given in Table III, and columns 
2 and 3 are shown graphically in Fig i 

Table III 


Relative Humidity 
% 

Regain 

Drawn nylon 
(water treated) 

Undrawn nylon 
(water treated) 

Drawn nylon 
(alcohol treated) 

85 

0 70 

0 65 

0*75 

23 

165 

1 50 

1-70 

29 1 

1-95 

1 85 

2 00 

35 I 

2 40 

2 30 

2*50 

47 1 

3 30 

3 20 

3-35 

66 

4 50 

4 75 

4 75 

79 7 

5 75 

6 35 

— 

89 9 

6 85 

8 00 

7 25 

98 2 

8*1 

10 0 

— 

99 3 

86 

1 10 6 

1 — 


The sample treated with alcohol has been omitted from the graph to avoid 
confusion, but its curve will be seen to follow closely the drawn nylon sample 
in the lower humidity range and finally to occupy an intermediate position 
between the drawn and undrawn samples at high humidities. It will also be 
observed that appreciable divergence of the curves for drawn and undrawn 
nylon occurs only in the upper half of the relative humidity range. 

3 . Discussion 

The results of the preceding expenments exhibit several features of 
interest, particularly m relation to considerations of fibre structure X-ray 
diffraction photographs show a high degree of onentation for drawn nylon, 
and a lack of onentation but definite crystallinity for undrawn nylon. P H. 
Hermans and others have given evidence that water is absorbed only m the 
amorphous regions; and there is reason to believe that filaments possessing a 
highly oriented structure will tend to absorb less water than otherwise 
similar filaments showing a smaller degree of onentation 

A decrease of water absorption cannot, however, be explained simply m 
terms of orientation, for it has been shown that the amount of water absorbed 
by undrawn nylon can be mcreased. A decrease in the capacity of a fibre 
to absorb moisture could be caused either by an increase in the volume of 
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RELATIVE HUMIDITY (%) 

Fig I 

the crystalline region, or by a decrease in the extent to which moisture can 
penetrate the amorphous region. Either or both of these effects could take 
place, of course, without necessanly affecting the degree of orientation as 
shown by X-ray diffraction. However, it seems reasonable to suppose that 
mechanical manipulation such as drawing which gives nse to increased 
orientation of the crystallites may, in effect, result in an increase in the pro¬ 
portion of crystalline substance through an aligning of neighbouring mole¬ 
cular chains in parts of the amorphous material, so that water molecules can 
no longer penetrate these particular regions On the other hand there is no 
reason to suppose that amorphous regions are completely or equally accessible 
throughout to penetration by water; and indeed there is growing evidence to 
show that this is not the case This point of inaccessibility within an 
amorphous region and the concept of var5nng absorptive capacity depending 
upon the precise pattern in the he of molecular chains will be referred to 
again. 

It is not unreasonable, therefore, to expect that an undrawn nylon sample 
would show higher values of regain than corresponding drawn matenal This 
has clearly been shown to be the case in the high humidity range It is not 
immediately evident, however, why a departure in behaviour between the 
two should not manifest itself more positively than has been found to occur 
m our results at relative humidities below 50 per cent,, even though the 
absolute differences m regain in this region would not be anticipated to be 
great. From the experimental values given by Speakman and Saville it may 
also be observed that there is no divergence of the regain curves which is 
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significantly greater than the experimental accuracy for comparable drawn 
and undrawn nylon samples between 15 per cent, and 45 per cent, relative 
humidity, although the curve of the latter lies slightly above that of the 
former The regain curve obtained m the present work for the sample of 
drawn nylon treated with alcohol similarly does not diverge significantly from 
the corresponding untreated sample until about the same level of humidity 
has been reached 

The results obtained for the regain of nylon which had been pre-treated 
with ethyl alcohol correspond very closely with the published work of 
Speakman and Saville throughout the majonty of the humidity range. Only 
at very high humidities do our results show low^er values than those obtained 
by those authors This latter may probably be due to a difference in the 
conditions of the treatment with the ethyl alcohol which the yam received 
Precise results correlated with the exact conditions of the alcohol treatment 
are not of any practical importance, however, since nylon is not normally 
treated with this reagent 

The values of regain obtained at the same relatn^e humidity under absorp- 
tion and desorption conditions on both drawn and undrawn nylon (Table II) 
indicate the possibility of a slight hysteresis, but if present at all it must be 
veiy^ small. Speakman and Saville have previously reported no evidence of 
its presence, and White and Eyring** have recently pointed out on the basis 
of their thermodynamical treatment of water absorption that nylon would be 
expected to exhibit httle or no hysteresis. 

The effect on the moisture absorption properties occasioned by treating 
nylon with different reagents is interesting, it is readily possible to bnng 
about an increase or decrease in the absorption from its normal level. The 
liquids water, ethyl alcohol, saturated aqueous benzoic acid solution, and a 
I per cent aqueous solution of ^;2-cresol were chosen because of their reported 
effect on sw^elling in the order given. The results obtained cannot be related 
simply to the swelling powers of these reagents, however, since ethyl alcohol 
raises the regain the most and w-cresol solution reduces it to a point con¬ 
siderably below that of the untreated filament. In some work recently 
published by Bergmann, Fankuchen and Mark‘ it is shown that soaking in 
an aqueous solution of phenol increases the degree of onentation of a drawn 
njdon filament A decrease in moisture absorptive capacity might therefore 
be anticipated to result from this treatment The effect of a lowered regain 
from treatment with w-cresol might similarly be explained as an increase in 
the degree of onentation or crystallinity, but it w^ould have been expected to 
have a more pronounced effect on undrawn than drawn nylon whereas the 
regain change is approximately the same in both cases Again, m this latter 
connection, although soaking m w^ater has a more marked influence on drawn 
nylon than undrawm in raising the regain, the increase brought about by 
treatment with alcohol is of similar magnitude for both No explanation of 
these changes sufficiently conclusive can be offered on the basis of evidence 
presented here, but the fact that they can be brought about warrants further 
consideration because of both a theoretical and practical interest associated 
with them 

B. THE DENSITY OF NYLON 

4 . General 

A value of density necessarily involves the meaning to be attached to 
volume. In the case of textile fibres, if volume is measured by displacement 
when immersed in a liquid or gaseous medium the result will depend upon 
whether there is penetration by the fluid and the degree to which this can 
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occur. The \olume measured in a non-penetrating medium such as benzene, 
for example, is higher than that measured in a liquid capable of penetrating 
the fibre such as water. The density figures are therefore correspondingly 
lower in benzene than in water except at saturation regain. It is generally 
accepted that what is referred to as a true density has as its basis the macro¬ 
scopic fibre volume; and that figures obtained from measurements in pene¬ 
trating fluids are therefore apparent densities. This understanding will be 
followed in connection with the results here to be discussed. 

Absorption of moisture into a dry textile fibre is accompanied by a change 
in volume, and the density at any given moisture content is an unpredictable 
value describing this new mass-volume relationship. The relationship of 
apparent density in water to moisture content on the other hand is calculable 
for the whole range of regain provided any one value is known, because it is 
a ratio of a mass to that volume which is displaced when the fibre is immersed 
in water, the latter quantity therefore being uninfluenced by regain. The 
figures obtained from density measurements in a non-penetrating liquid and 
those for the apparent density in water are important and useful. True 
densities have been measured in the present work on drawn and undrawn 
nylon for a range of moisture contents between dry and saturated conditions. 
The apparent density in water of drawn and undrawn nylon has also been 
determined. 

5 . True Density 
Experimental 

The chief diflhculty encountered in all measurements of density of textile 
fibres is the elimination of entrapped or adhenng air. Its inclusion necessanly 
results in values which are too low. Picnometric methods have been 
extensively employed, but the difficulties attendant upon obtaining an 
accuracy to three decimal places have m our experience been found to be so 
great that alternative methods were given consideration. This degree of 
accuracy is particularly important m the case of nylon where the need is 
emphasised by the fact that the maximum variation m density with moisture 
content is less than one per cent. 

P. H. Hermans* has described a flotation method which appears to 
mimmise the errors of picnometric estimaton In this technique small 
pellets of short fibre are immersed in a smtable liquid and the density of the 
liquid medium varied either by addition of a second liquid of different 
density or by change in temperature until flotation is achieved. The danger 
of disturbances due to convection currents in the liquid and the somewhat 
tedious care necessary to obtain the accuracy desired suggested trying a 
modification involving centrifuging. In this procedure a small amount of 
filament cut to about i mm in length was placed m a small culture tube and 
conditioned m an atmosphere of known relative humidity inside a suitably 
capped container placed m a thermostat. When sufficient time-had elapsed 
to assure eqmlibnum having been reached, the container cap was removed 
and the filaments rapidly covered with a few c c of a liquid judged to be of a 
smtable density. The contents of the culture tube were then carefully trans¬ 
ferred to a 15 c c. centnfuge tube and filled with the same liquid At this 
time the filaments formed a uniform cloud throughout the tube. The 
tube was then centnfuged for 2 minutes at 3400 r.p.m. which gives a centri¬ 
fugal acceleration of about 2400 g at the tip of the tube It was found that 
the deceleration of the centnfuge produced sufficient currents m the liquid to 
disturb the settling of the filaments somewhat when the liquid had a density 
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very close to that of the filament. An accumulation of fibre rather than 
uniform dispersion was considered evidence that the liquid and fibre densities 
were not the same, and subsequent behaviour in the space of one or two 
minutes after removal from the centnfuge usually confirmed this by the 
accumulation of fibre showing a tendency to sink or float. 

Measurements were made on drawn filament, undrawn filament, and 
1100 demer monofilament The latter approximated drawn filament m so far 
as it was highly oriented, and it was found particularly definite in its 
behaviour toward centrifuging. All samples were cut from filaments pre~ 
viously taken through two cycles of soaking m water for 24 hours and drying 
over anhydrous magnesium perchlorate, and the subsequent conditioning was 
earned out at a temperature of 70° F The liquids employed were made up 
from mixtures of mtrobenzene and benzene covenng a density range of i • 140 
to i‘i5i in a series of seven steps The densities of these liquids were 
measured picnometrically. 

Results 

The temperature change dunng the course of the series of expenments 
was not more than i® C. Centnfuging effected a small temperature rise but 
the results can be said to be represented by a mean temperature of 21*5® C. 
The temperature coefficient of the liquid mixture employed is 0*001 
g./c.c /®C., and without affecting the accuracy of the results appreciably 
the density figures may be taken as representing values at 70° F. 

It was possible to detect a difference in behaviour of similarly conditioned 
samples of fibre in two liquids having a density difference of o * 002 to 0-003 g- 
per c.c. The results obtained are therefore considered accurate to +0 001 g. 
per c c. The well-defined behaviour of the heavy monofilament provided 
results considered more reliable than those for the finer drawn and undrawn 
filaments, but it will be seen that the values obtained for the drawn filaments 
and the monofilament cannot be differentiated and so are plotted together as 
one curve Since it is apparent that orientation does not produce any ver}’ 
great difference m density, and both the drawn and monofilament samples 
show good orientation this close similarity in density is not surprising 

The results obtained are given in Table IV. 


Table IV 


Relative 

HumidiW 

0 

/O 

Density (g per c c) 

Undra%vn 

Drawn 

Monofilament 

0 i 

1 141 

1 146 

1 144 

200 1 

1 142 

1 146 

1 147 

50 0 

1 144 

1 149 

1 149 

65 7 

1 147 

1 150 

1 150 

900 

1*144 

1 149 

1 150 

98 0 

1 144 

1 150 

1 149 


6 . Apparent Density in Water 

The apparent density in water was measured for both drawn and undrawn 
nylon, and the method used was one desenbed by P. H. Hermans Bundles 
of fibre weighing about one gram were pretreated by soaking in water at 
room temperature for 24 hours, drying over anhydrous magnesum perchlorate 
for 24 hours, soaking in water again for 24 hours and then re-drymg over 
magnesium perchlorate to constant weight Each bundle was then immersed 
m distilled water which was boiled for 10 minutes under reduced pressure at 
about 45° to 50® C to eliminate entrapped air. After soaking for 18 houi^ 
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in the water in which it was boiled, the bundle tvas weighed while still 
immersed. Calculaton of the apparent densities gave the following values. 
Drawn nylon i i66g perc c 

Undrawn nylon . . i 164 g. per c c 
Due to the difficulty of ensunng complete elimination of all air, these 
figures are probably not reliable to more than ± 0 002 g per c c. However, 
the consistently lower values obtained for undrawn nylon in replicate experi¬ 
ments leave little doubt that its apparent density is slightly less than that for 
drawn nylon. 

It might at first be expected that undrawn nylon with its lack of orientation 
would give rise to more ready and complete penetration of the amorphous 
region by water than drawn material, with consequent higher apparent 
density. It is to be remembered, however, that a lower true diy density is an 
offset to a lowered volume measured in water The penetration of undrawn 
nylon is evidently not sufficiently greater than that of drawn material to 
offset the difference in their true densities This conclusion is borne out by a 
calculation of the amount of space in the filament which is accessible to water 
The volume of space inside the filament penetrated by water is the 
difference between the volume measured in benzene and that measured in 
water. The volumes calculated from the experimentally determined values 
for the true density and apparent density in water of dry nylon are shown 
below. 



Drawn nylon 

Undiawn nylon 

Volume of ben7ene displaced by 1 g 
dry nylon 


1 141 ^ ^ ^ 

Volume of water displaced by 1 g. 
dry nylon 

nee 808 c c 

1 1 164 ~ ^ ^ ^ 

Volume of space penetrated by water 

0 016cc j 

1 0*017 c c 


In the case of drawn nylon the calculation show^s the space penetrated by 
water to be o-oi6 c c per g of dry filament or i 8 per cent of its dry 
volume. For undrawn nylon the corresponding value is i 9 per cent of 
the volume of the dry filament, and the difference between drawn and 
undrawn nylon in degree of penetration is therefore small 

G. SWELLING PROPERTIES 
7 . Effect of Immersion in Water on Filament Length 

The first evidence that a permanent contraction accompanies moisture 
absorption in filaments as received direct from the spinning mill was indicated 
to us m caiT5dng out some early expenments on longitudinal swellmg. In 
taking a filament through a senes of ascending humidities it was found that 
when the higher humidities were reached, an apparently anomalous behaviour 
w^as exhibited in the amount of swelling Re-drymg the filament showed 
that the dry length was now less than that onginally measured When 
the filament was again exposed to a high humidity further contraction 
occurred and only after it had been thoroughly wetted out in water could 
reproducible results of longitudinal sw^elling be obtained throughout the whole 
of the relative humidity range. It was decided to investigate in ’more detail 
the effect on length of drawn and undrawn nylon filaments occasioned by 
soaking m winter at room temperature, and of repeated cycles of wetting and 
drying. 

Apparatus was set up whereby a 75 cm length of filament w^as mounted 
in a glass tube through wffiich dry air could be passed, or wffiich could be 
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filled with water The drawn filaments were made to carry at their lower 
ends four 75 mg lead weights which normally rested on a small platform, 
but which, when supported by the filament, did not cause any permanent 
extension. By measunng the filament lengths successively under one, two, 
three and four weights an extrapolation could be made to obtain an estimate 
of the length under zero load. It was not possible to set up the undrawn 
filaments in a similar way since the addition of anything more than a veiy 
small weight tends to stretch them permanently A smgle weight was there¬ 
fore used, which was just heavy enough to keep the filament straight but not 
enough to cause stretching (ca 15 mg) 

Each filament was first dned in moisture-free air and its length measured 
to the nearest o 25 mm It was then immersed m water at room temperature 
for not less than 24 hours, again dried and its length re-measured This 
cycle was.repeated several times, but it was found that a sensibly reproducible 
\alue occurred after the first wetting 

The amount of contraction resulting from wetting was not unifomi from 
filament to filament as is illustrated by the following results 

Drawn filament’ 3 4» 2-o, 3 3, 3 i, 2 5. 2 6% Average 2-8% 
Undrawn filament i 0, 0 9, i*8, 2 0, 0 6, 0 8% Average* 1*2% 
After the first cycle of wetting and drying the dry length was reproducible 
to within ±01 per cent It was clear that before accurate swelling measure¬ 
ments could be made, this initial contraction on wetting had to be allowed to 
take place All filaments for further study were therefore subjected to two 
preliminary cycles of wettmg and drying, allowing 48 hours in water at 
room temperature each time 
8 The Longitudinal Swelling of Nylon 

Drawn and undrawn filaments which had previously been allowed to 
contract by immersing m water were taken through relative humidities 
ranging from dryness to saturation (water immersion). Lengths of about 
85 centimetres were used, and measurements were made to the nearest 
o 01 cm at each humidity step. A method of extrapolation previously 
described was employed for the drawn filaments to obtain the length under 
zero load. Temperature was maintained at 70° F 

The averaged results from several filaments are given m Table V, and are 
shown plotted against regain in Fig 2 

Table V 


Relative Humiditv 
% 

Longitudinal Swelling 

0/ 

/O 


Drawn n^don 

Undrawn nylon 


1 0-15 

0 15 

23 

0 45 

0 40 


1 0 60 

0 60 

33 

0 70 

0 90 

47 

1 05 

D55 

64 

1 1 50 

2*60 

SO 

1 75 

3*80 

90 

2 05 


100 

27 

69 


It be seen from Fig 2 that except for the early stages of moisture 
absorption, the longitudinal swelling bears a relationship to regain best 
represented by a straight line for all values which can be plotted, that is 
excluding the value at saturation. This relationship has also been shown to 
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be true in the case of silk" up to and including the swelling m water In the 
present case the saturation values of longitudinal swelling on drawn and 
undrawn nylon were determined by immersion of the filaments in water, but 
the regains corresponding to saturation conditions are not known In Fig 2 
the saturation swelling values have been inserted on straight line extra¬ 
polations of the swelling-regain relationships as representing not improbable 
behaviour. This treatment indicates the saturation regains for drawn and 
undrawn nylon to be 8 7 and xi 0, respectively 



i 4 6 8 10 II 

REGAIN 
Fig, 2 


The values obtained by Speakman and Saville for longitudinal swellmg 
of drawm nylon filaments conform closely to the above values m the lower 
range of humidibes but deviate widely at high humidities. The maximum 
swellmg observed by these authors was i 17 per cent with marked flattening 
of the curv^e beyond 60 per cent relative humidity and no significant increase 
in swellmg from 80 per cent relative humidity to saturation. It is suggested 
that a probable explanation could be the use by Speakman and Saville of 
filaments which had not previously been stabilised to water and m which, 
therefore, contraction occurred at high humidities offsetting the increased 
swelling 
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9 . Volume Swelling and Lateral Swelling 

From a knowledge of the density and regain properties of nylon, volume 
swelling can be readily calculated Values for volume swelling can in turn 
be used in conjunction with longitudinal swelling data to denve information 
on the lateral swelling characteristics Since the nylon filament is very close 
to circular in cross-section, where the degree of swelling is not large the per¬ 
centage volume swelling is approximately equal numencally to the percentage 
longitudinal swelling plus twice the percentage lateral swellmg 

A difficulty arises in the calculation of the volume swellmg m water 
because of lack of precise knowledge of the saturation regain value. Linear 
extrapolation of the data for longitudinal swellmg suggests saturation regain 
values for drawn and undrawn nylon in the region of 8 7 and ii»o respec¬ 
tively It is of interest to calculate the values for volume swelling and lateral 
swelling on the basis of these figures for saturation regain, and to compare 
them with results obtained by more direct observation. The values so cal¬ 
culated for saturaiion are included in Table VI along with data for relative 
huTHidities below 100 per cent 


Table VI 


Relative Humidity 
(%) 

1 

Volume Swelling 
(%) 

, Lateral Swellmg 

(%) 

drawn 

undrawn 

drawn 

■undrawn 

1 * 

0 

0 

0 

0 

1 0 

10 

O’O 

07 

02 

03 

20 

1-0 

13 

03 

1 05 

30 

1 7 

1-8 

0‘5 

06 

40 

24 

24 

08 

06 

50 

29 

3-1 

09 

0 7 

60 

34 

3 9 

1 1 

08 

70 

42 

47 

13 

0 9 

80 

5*1 

5 9 

17 

11 

90 

6*2 

76 

20 

14 

95 

7-0 

8‘9 

23 

1*6 

100 

8 1 

110 

26 

19 


The small magnitude of the lateral swellmg in a single nylon filament 
prevented direct measurements of this swelling being made at various 
moisture contents By using a projection microscope and an overall mag¬ 
nification of about 1500 limes, it was possible, however, to obtain an approxi¬ 
mate measure of the total swelling in passing from dryness to saturation. 
The average values obtained for this overall lateral swelling in water from 
about seventy measurements on each of several filaments were 2-6 per cent 
for the drawn nylon and 2 3 per cent, for the undrawn The magnitude of 
the error of these values is reflected by the 95 per cent fiducial limits, which 
for the drawn filaments were ±09 per cent and for the undrawn ±04 
per cent 

The correspondence between these admittedly rather uncertain values for 
lateral swelling m water and those shown in Table VI provides additional 
evidence that the saturation regain and swelling values suggested by the data 
on density and longitudinal swelling are not likely to be very greatly in error. 
The value of ix-o for the saturation regain of undrawn nylon may perhaps 
be somewhat too low Greater weight is also provided by these results in 
support of the view tentatively held that except in the low humidity range, 
longitudinal swelling in nylon filaments is closely represented *as a linear 
function of regam nght up to saturation 
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In Fig 3 the volume and lateral swelling data of drawn nylon from 
Table VI are shown plotted against regain. Essentially similar curves result 
from the plottmg of the data for undrawn nylon and need not be reproduced 
for consideration here The broken line has been drawn parallel to a line 
relating mass of water to its volume, when these quantities are expressed in 
the units used on the axes of Fig. 3, It has been made to coincide with the 
actual volume swelling curve at saturation regain The vertical distance 
separating the two lines is a volume difference, and at any regain may be 
considered as the volume of space within the fibre which water can pro¬ 
gressively fill as the relative humidity increases The honzontal separation of 
the two at any regain shows immediately the weight of water which can be 
absorbed without bemg evidenced m swellmg. This conception assumes, of 



course, that additional moisture accompanying that entenng existing space 
causes swelling in an amount equal to its normal volume. The fact that the 
volume swellmg curve is sensibly linear and departs from the broken Ime 
immediately below the point of coincidence at saturation, indicates that all 
the space which becomes available to water in the filament is not completely 
filled until saturation is reached. It may also be observed that of this total 
available space the proportion filled in the early stages of moisture absorp¬ 
tion appears to be less for nylon than for silk or viscose rayon The rate of 
fiUmg of the total space occupiable by water, together with the fibre density, 
influences the regain value at which maximum density occurs This follows 
from the fact that there will not be a decrease in density with moisture 
absorption until the addition of further moisture causes a swellmg greater 
than die volume of the added moisture divided by the numerical value of 
the density of the filament. 

The mtercept of the broken line m Fig 3 with the axis of zero swellmg 
indicates the amount of water which will eventually enter into occupiable 
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space In the case of drawn nylon this is 1-7 per cent of the dry weight of 
the filament, or i-g per cent of its dry volume Similar curves constructed 
from the data for undrawn nylon show the occupiable space in the filament 
to be I 6 per cent, of its diy volume. These values show reasonably good 
agreement with those previously calculated m section 6 from true and 
apparent densities. 

A sinking feature of the results obtained on the swelling of nylon in water 
is afforded by a companson of the percentage lateral and longitudinal swellmg 
values. In the case of drawn nylon these are approximately the same, which 
in view of the highly onented structure of the filament was totally unexpected 
In this respect also nylon differs from other textile fibres, m which the per¬ 
centage lateral swelling is considerably greater than the percentage 
longitudinal swelling On the other hand the percentage longitudinal swelhng 
in water of undrawn nylon is more than three times its percentage lateral 
swellmg. This lateral swelling value appears to be somewhat less than for 
drawn nylon, while the percentage longitudinal swelling of undrawn is more 
than twice that of drawn nylon. No completely satisfactory explanation can 
as yet be offered for these results and the matter is receiving further study 

10 . Considerations of Space in a Nylon Filament 

From the data given, an interesting calculation can be made of the inter- 
molecular space present in a nylon filament in excess of that associated with 
a completely ciystallme configuration Bunn and Garner^ have estimated 
from their work on the X-ray diffraction patterns of nylon that the density of 
crystalline nylon is 1*24 g per c.c To account for the difference between 
this figure and the figure for the apparent density in water, namely, i -166 g. 
per c c. for drawn nylon, an amount of empty space into which water cannot 
penetrate must be postulated. Complete penetration of the amorphous region 
would result in the two values being nearly the same; and in this connechon 
P. H Hermans has shown for various cellulosic fibres an apparent density 
in water of approximately i 61 against a crystalline density of i 59 g per 
c c , mdicating slightly more intmate contact of water with the cellulose 
molecules in the amorphous region than exists between neighbouring cellulose 
chains in a crystallite On the basis of a density of i 24 g per c c for a 
packing equal to that in crystalline nylon, the additional space required to 
produce a density of i • 166 g per c c is 6 per cent, of the dry filament 
volume. This volume is space which water does not fill, and there is in 
addition approximately i»8 per cent, accessible to water. On the assump¬ 
tion that space is not created dunng moisture absorption, 7-8 per cent of the 
fibre comprises space m excess of that present in the crystalline regions, of 
which space only 23 per cent, can be occupied by water. The value of 7 8 
per cent for the total volume of space accords with a value of 7-7 per cent, 
calculated from a dry filament density of i 145 and a crystalline density of 
I 24 g. per c c. The assumption that space is not created during moisture 
absorption is therefore justified This volume being associated with the non- 
crystallme portion of the filament represents a higher percentage space in 
those regions. Certain evidence exists to indicate that the amorphous material 
in nylon comprises about 65 per cent, of the total fibre, in which case 12 per 
cent, of the amorphous region may be considered to be space Similar cal¬ 
culations for undrawn nylon give results which do not differ appreciably from 
those for drawn nylon. It is interesting that the greater proportion of the 
space in the filament remains inaccessible to water, and leads to speculation 
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on possible arrangements of molecular chains which, without having a 
crystalline configuration, result in effective regional barriers. 

SUMMARY 

(1) The treatment of nylon with certain reagents has been shown to* 
influence its moisture absorption properties m marked degree The amount of 
moisture absorbed can be either increased or decreased depending upon the 
reagent used 

(2) The regains of drawn and undrawn nylon filaments have been deter¬ 
mined for relative humidities ranging from dryness to saturation Drawn 
nylon filaments pre-treated with alcohol have similarly been studied for 
relative humidities up to 90 per cent Appreciable differences in the regain 
properties of these samples have been shown to occur only in the upper half 
of the relative humidity range* below 50 per cent relative humidity the 
regain curves for all three samples were found to be practically identicaL 
Absence of any readily detectable hysteresis in moisture absorption by nylon 
previously wetted in water has been confirmed 

(3) A contraction in the length of both drawn and undrawn nylon fila¬ 
ments on first wetting out with water has been shown to occur, and its 
magnitude investigated 

(4) The densities of drawn and undrawn nylon filaments in eqmlibrium 
with relative humidities ranging from zero to 98 per cent, have been measured 
by a flotation method The apparent densities in water have also been 
determined. 

(5) Measurements of longitudinal swelling of drawn and undrawn nylon 
filaments have been earned out for conditions ranging from dryness to 
saturation (immersion in water). Volume swelling values have been calculated 
from density data, and lateral swelling has been computed from the corre¬ 
sponding figures for the volume and longitudinal swelhngs Values for lateral 
swelling in water have also been attempted by direct measurement of mag¬ 
nified images of filaments, and the results, while of a low order of precision, 
support the finding of the other expenmental data The longitudinal and 
lateral percentage swellings in a drawn nylon filament have been found to be 
approximately equal, but in undrawn nylon the longitudinal swelling has been 
shown to be three times the lateral swelling. 

(6) The volume of empty space in a nylon filament has been computed 
from the expenmental data, and it has been shown that a major portion of 
this volume is not penetrated by water even at saturation 

ACKNOWLEDGEMENT 

The authors wish to express their thanks to Canadian Industries Limited, 
Nylon Division, w^ho sponsored the work and gave permission for the results 
of the investigation to be published 

REFERENCES 

1 Speakman and Saville J Text Inst , 1946, 27, P271 

2 Data from International Critical Tables 

3 White and Eynng Text Res. J , 1947, 17, 523 

* Bergman, Fankuchen, and Mark Text Res J , 1948, 18, 1 

® P H Hermans " Contributions to the Physics of CeUulose Fibres ” Elsevier 1946. 

® Goodings and Turl J Text Inst , 1940, 31, T69 
Bunn and Garner P>oc Roy Soc A , 1947, ^^9* 39 

Toronto, Ontano 


Keceived 4/S/4S 



Letters to the Editor 


T247 


Letters to the Editor 

\T}i& Institute ts not responsible for the opinions of correspondents.'i 

A Suggested Method of Testing Woven Fabrics for the Measurement 
of Resistance to Slippage of Warp Threads over the Weft, 
or Weft over Warp 

On making a survey of the fabncs produced today, as against those pro¬ 
duced twenty-five or thirty years ago, a very marked change is apparent. 
The old setting theories put forward by technologists in the Victorian period 
appear to have become out of date and are entirely disregarded In con¬ 
sequence, new features and styles have been introduced into modem design 
and production of matenals. 

It is apparent that the qualities now demanded m modem fabrics are that 
they be elegant in appearance, soft and supple in handle, and possess special 
draping qualities With these qualities ever m the producers' mmds, fabncs 
are now made to comply with these requirements In fact, some of the 
modem fabncs are so loosely constructed that they do not possess the 
requisite cohesion of warp and weft, and, as a consequence, are very sus¬ 
ceptible to slipping or fraying 

The necessity for the introduction of non-slip treatments on fabncs con¬ 
firms this and shows that some of the stmetures produced today require 
additional assistance before the matenals are in a satisfactory condition to be 
used m the industry. We are theiefore faced with the urgent problem of how 
textiles can be tested to show their relative merits in respect to resistance to 
slippage 

This matter of testing for the degree of slip or distortion by the slippage 
of warp threads over weft, or vice versa, is of paramount importance, and it 
is with this need m mind that a careful examination into the problem of how 
best to ascertain the measure of resistance to slip has been instituted. 

In 1935, the A S.T M ^ published a proposed method of test for Slippage 
in Silk and Rayon Woven Broad Goods, and at that time they appealed for 
suggestions as to how this property of resistance to slippage could be 
measured It appears that up to 1942 no further suggestions or improvements 
had been accepted, and therefore they proposed a standard test for the 
measurement of resistance to slippage by means of seam testing, Designation 
D434/42.= 

In this country the above method has been used fairly extensively, in 
domestic concerns for their own internal research purposes, but whilst seam 
testing has many good pomts, the information obtained can be acceptable 
and reliable only if the work is conducted by one person Standardisation 
of this t3q)e of testing may therefore be very difficult, because in practice the 
work has to be done in many laboratories with the employment of entirely 
different apparatus and personnel 

The preparation of the samples in a uniform or standard manner is not 
by any means as easy as it appears at first sight Even slight variations in 
the preparation of the seams unquestionably may have a very marked 
influence on the results obtained. 
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In the writer’s opinion, there are many technical dfficnlties which could 
have a most senous etfect on the test results, even thought the tests may 
superficially appear to have been earned out strictly in accordance with the 
prescribed method. For example, needle damage and the gnppmg or bmdmg 
properties of the stitchmg material used may vary enormously, although 
these vanations are not apparent on normal visible examination 

It is the writer’s expenence that complaints in the industiy regarding 
slippage or fra3mig are by no mean- confined to the slippage at the seams 
only, and further, when such complaints on seam slippage are examined, it is 
very ftequently found that the seams concerned are not those made parallel 
to either warp or weft, but those made on the bias and with insuffiaent 
overlap. These conditions put an entirely different complexion on the 
matenal’s serviceability, and also on the relative value of the seam tests 
earned out as presenbed in the American Standards Designation D434/42. 

It is therefore the object of this new testing method to attempt to eliminate 
the complicafaons associated with stitching seams and place before the 
mdustry a simpler and more easily controlled method of ascertaining the 
resistance to slippage of the fabnc, entirely divorced from seams and seam 
testmg. By this new method of test, the ments of the fabric are being 
measured to ascertain the cohesion of the warp and weft, and not with 
reference to the serviceability of a seam or with the efficiency of making 
seams. 

It is therefore suggested that the investigation into the technicalities 
involved in the making of satisfactory seams in garments should be treated 
as a problem entirely separate from that of the resistance to slippage of a 
fabric. 

PROPOSED METHOD OP TEST TO ASCERTAIN THE MEASTOEMENT 
OF RESISTANCE TO SLIPPAGE OF FABRICS 

Scope. This method of test applies to the measurement of the resistance 
to shppage of warp threads over weft or weft threads over warp in woven 
fabnes, it bemg specially suitable for those fabrics which are so constructed as 
to be susceptible to shpping or fraymg. 

Slippage. The resistance to shppage is the pull (expressed in pounds or 
kilogrammes) necessary to produce a movement of waip threads over weft 
threads, or vice versa. 

Apparatus, The tests shall be carried out on any approved tensile strength 
testmg machine (constant rate of load type preferred, with the rate of load 
fixed at 40 lb. per minute) and using a specially constructed adaptor. This 
adaptor is in two parts: — 

(1) The base plate, which is designed to fit vertically into the pulhng ]aw 
of the approved testing machme. 

(2) A specially designed and constructed pin setting, which slides hori¬ 
zontally into the base plate. The pin settmgs have been standardised 
and are being produced in two types, one for use when testing coarse 
fabnes, and a finer setting for use when testing medium and fine set 
cloths The pins, which are made of stainless steel and are of standard 
shape and thickness, are set into the brass slide as follows:— 

For the fine setting, 32 pins at -A- in pitch. 

For the coarse setting, x6 pins at J in pitch 
The pins are set in the slide at 5° to the horizontal and pointing down¬ 
wards. 
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Preparation of Test Specimens 

Five test specimens in each direction shall be prepared by cuttmg to 
2 % in wide and fraying down to 2 in , leaving J m. fnnge at each side 

The length of the specimen shall be such that it will allow the operator 
to have sufficient material to mount it, evenly tensioned, m the machine or 
on a mountng ]ig. 

One end of the specimen shall be cut parallel to the threads which have 
to be frayed out From this end, a mark in from the edge shall be made, 
and it is on this line that the specimen shall be pressed, gently and evenly, 
on to the pm setting 

Care must be taken to place the specimen evenly and squarely on the pins, 
and this is facilitated by using a piece of cork or rubber 

The other end of the test specimen is carefully and evenly secured m the 
top jaw of the tensile strength machine The distance between the pin setting 
and the top jaw shall be 4 in. 


[Conditioning of Test Specimens 

All specimens shall be conditioned for a prescnbed period in accordance 
with B S 1051/1942, and tested without removal from these condibons. 

Having the specimen satisfactorily mounted in the tensile strength machine, 
the load is then applied When the first sign of slippage is observed the load 
IS noted The sirainmg is continued until the crossing threads are slipped 
entirely out, and the total load applied is then recorded. In most fabrics the 
first slippage is readily seen, but by using a stress strain recorder the chart 
produced is of exceptional value, 

A load/elongation curve made of the matenal in the form of a tensile 
strength test as compared with the slippage chart is of paramount importance 
The size of the specimen used for the tensile strength test would of course be 
2 in. wide and 4 in in length between the jaws 

By this method of test one can ascertain accurately when a fabnc first 
slips, and also the necessary force required to slip out of the fabric a defined 
number of crossing threads. 


In very coarse fabrics it may be advisable to make the insertion of the 
pms at a greater distance from the prepared edge, and in such cases useful 
data have been obtained by making tests at varymg specified distances from 
the edge of the pattern. 

This pnnciple of pullmg oat of a fabric one senes of threads by means of 
this pin settmg has proved to be a very useful method of obtammg data when 
investigating certain irregulanties relatmg to the breakdown in the service¬ 
ability of fabncs 

For such special research purposes it has been found an added advantage 
to apply this principle in varying forms m order that the test may more 
nearly coincide with the t}q)e of defect being investigated. 


It is with this purpose in mind that the following additional pin settings 
have been produced: 

16 pins set at-^in pitch. 

8 „ ,, „ -j^in 

8 ,, tf it ^ m ,, 

4 ** ft n ■J'^n ,, 


ft fi 
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Fig. I iliustiates the pm settmg slide in its correct position m the adaptor, 
that IS, with the pins pointing downwards. The setting of the pins in this 
special manner is to ensure that during the testing the fabric is kept close up 
to the base plate. 

When mountmg the specimen, care is required to make sure that the 
material is pressed squarely and evenly on to the pms m the base plate, and 
it is found an advantage to keep the cork or rubber used for this purpose on 
the pms until the operator is ready to make the test 



Lower edge 
of upper jaw 



Front View 


Side View 


Fig I 

Adaptor used la measuring resistance to slip . 

It has been stated previously that the use of a stress-strain diagram 
clearly records the behaviour of the fabnc under this new test, and the two 
cha^ reproduced show the difference of the slippage of the fabric when 
strained m the warp or weft direction 

Curve A is the load-elongaton diagram obtamed when maVmg the 
ordinary tensile strength test carried out on a Constant Rate of Load 
Tensile Strength Machme (rate of load 40 lb per minute) 

Curve B records the behaviour of the fabnc when making this new test 

It Will be readily noticed that Curve B contains many serrations which 
graphically exhibit the penods of shppage The value of these serrations is 
most important in assessing the shppage potential of the fabnc 
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Fig, 2 Warp strip 


Extensjon x 2 
Fig 3 strip 


It Will be noticed that m the Amencan Seam Testing Specification 
D434/42, Note 6 states If the load-elongation curve is serrated, a smooth 
curve shall be drawn through the tips of the serrations '' By producmg a 
regular curve, the significance of the jnelding of the fabnc due to slipping is 
lost, and also a considerable amount of the value of the test. 
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contents panel on the cover of the Transactions Section of the February 
Journal Mr Chadwick's name should have preceded those of Dr. Shorter 
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MAY 1949 


X253 


THE JOURNAL OF THE 

TEXTILE INSTITUTE 

TRANSACTIONS I 


15-~A SIMPLIFIED SLIVER TESTER 

By J U Steiger 

SUMMARY 

A machine is described by which variations m the thickness of cotton 
slivers are mechanically measured and charted Greater dimensional tolerance 
13 permissible than in previous designs, resulting in a relatively low cost of 
manufacture Examples of the use of the machine m detecting sliver faults 
are given 

Purpose of Machine 

It IS well recognised, and is indeed self-evident, that the successful use of 
short processing in cotton spinning requires the drafting mechanism of the 
drawframe to be in good mechanical condition and correctly adjusted, owing 
to the elimination of the doublings which previously served to correct drafting 
irregularities Thus in spinning medium counts from single roving, while 
there were four doublings after the drawframe in the old process using three 
speed frames, m the modern system embodying one high draft speed frame 
there are none, any hank vanation present m the finisher sliver is therefore 
reproduced in the yam, with variation of later origin superimposed Such 
vanation can result in considerable loss of production and impair the morale 
of the operatives if not soon detected and rectified An example may be 
cited m which the use of eccentnc pinions on certain drawframes produced a 
periodic variation in hank recurring every two feet along the sliver Though 
this had no effect on the lea strength or blackboard appearance of the yam, 
It caused an increase of 100 per cent in the end breakage rate at the ring 
frame, to overcome which a 15 per cent reduction in spindle speed was 
necessary until the fault was corrected. 

In cases such as the above it is not usually possible to detect by eye the 
existence of periodic vanations in the sliver or to measure the length of the 
period A cutting and weighing method can be used but the time required 
prohibits its use except on a small scale. To check many samples of shver for 
regulanty requires the use of a sliver testing machine which will draw a graph 
of the variation in thickness along the sliver Such an instrument has been 
described by Foster and his co-workers, of the Bntish Cotton Industry 
Research Association^ in which the sliver being tested is drawn between two 
wheels, variation in thickness of the sliver causes a corresponding variation 
in separation of the wheels which is magnified and recorded photographically 
A machme working on the same principle, the Saco-Low^ell Shver Tester is 
commercially available m the U S A , though in this case the recording is 
done by means of a pen 

Instruments of this type, though capable of great accuracy are inevitably 
rather costly, since great precision is required in the manufacture of the 
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wheels and their mountings. The present paper describes a mechanical sliver 
testing machine designed with the objects of simplicity and the avoidance of 
unusual accuracy m manufacture The cost of manufacture was approxi¬ 
mately £6o 
Principle 

The measuring unit of the machine consists essentially of a sliver con¬ 
densing trumpet. These trumpets, m which there has been considerable 
recent interest, are used on drawframes to compress and condense the sliver. 
This is effected by means of a reduced aperture, set at a distance from the 
calender roller nip not exceeding the staple length of the cotton, this is 
necessaiy since the considerable force required to pull it through the aperture 
would otherwise rupture the sliver. Fig i shows a cross section through the 
unit. 



A rectangular block of metal A has machined in it a conical hole B 
tapenng to a cylindrical throat C of ^ in. diameter, which is drilled through 
the bottom of a rectangular slot DD', ^ m wide, cut in the top of the block 
A lever EE', ^ in wide and pivoted on a knife edge F, closes the top of the 
slot, and is held m place by a vreight of 8 lb suspended by a knife-edged 
weight hook from a notch G A pair of fluted rollers HH', set at a distance 
from the block of less than the staple length of the cotton likely to be used, 
draws the sliver through the block without slip and without appreciable 
stretch Vanations in thickness of the sliver cause variations m the aperture 
of the trumpet by moving the end E of the lever EE', which pivots about the 
knife edge F. The movement of the other end of the lever is picked up, 
magnified and recorded on a drum dnven by the roller H 

The lever fits in the slot with a clearance of o 008 in , which cannot be 
considered excessively precise 
Construction 

The machine is built on a base consisting of a length of 5 in channel 
section earned on a tubular tripod at a height sufficient to allow the can of 
sliver to be placed underneath The sliver passes up through the hole in the 
base, through the block and is discharged by the rollers onto the floor 
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Plate I Detailed view 

The block lever EE' (Fig i) is provided at its end with an adjustable 
shoe I (Plate I) which bears against a point J on the shorter arm of the mag¬ 
nifying lever An additional adjustment in the form of an articulation on the 
block lever is provided at K should the range of movement of the shoe I prove 
insufficient* The magnifying lever pivots about two points carried by the 
post L and has a longer arm of spring steel carrying the pen M. Each of the 
two levers has a shorter arm of i in and a longer arm of lo in , thus the 
movements of the end E of the block lever in opening or closing the aperture 
of the trumpet are magnified one hundred times by the pen. A device N is 
provided to lift the pen from the chart when required 

The fluted rollers HH' of i m diameter are earned on sideplates fixed to 
the sides of the block, and are geared together The top roller works in a slot 
with a weighting of 20 lb applied through weighthooks, which is sufficient 
to prevent any slip The dnve is taken through a flexible connection to a 
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wheels and their mountings The present paper descnbes a mechanical sliver 
testing machine designed with the objects of simplicity and the avoidance of 
unusual accuracy in manufacture The cost of manufacture was approxi- 
mately £6o. 

Principle 

The measuimg unit of the m3.chine consists essentially of a sliver con¬ 
densing trumpet These trumpets, in which there has been considerable 
recent interest, are used on drawframes to compress and condense the sliver. 
This IS effected by means of a reduced aperture, set at a distance from the 
calender roller nip not exceeding the staple length of the cotton, this is 
necessary since the considerable force required to pull it through the aperture 
would otherwise rupture the sliver Fig i shows a cross section through the 
unit 



Fig I Diagram ol measuimg unit (full size) 


A rectangular block of metal A has machined in it a conical hole B 
tapenng to a cylindrical throat C of -J- m diameter, which is drilled through 
the bottom of a rectangular slot DD', in wude, cut m the top of the block 
A lever EE', | in wide and pivoted on a knife edge F, closes the top of the 
slot, and is held in place by a weight of 8 lb suspended by a knife-edged 
weight hook from a notch G A pair of fluted rollers HH', set at a distance 
from the block of less than the staple length of the cotton likely to be used, 
draws the sliver through the block without slip and without appreciable 
stretch Variations in thickness of the sliver cause vanations in the aperture 
of the trumpet by moving the end E of the lever EE', which pivots about the 
knife edge F The movement of the other end of the lever is picked up, 
magnified and recorded on a drum dnven by the roller H 

The lever fits in the slot with a clearance of o*oo8 in , which cannot be 
considered excessively precise. 


Construction 

The machine is built on a base consisting of a length of 5 m charmel 
section earned on a tubular tnpod at a height sufficient to allow the can of 
Sliver to be placed underneath The sliver passes up through the hole in the 
base, through the block and is discharged by the rollers onto the floor 
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Plate I Detailed view 

The block lever EE' (Fig i) is provided at its end with an adjustable 
shoe I (Plate I) which bears against a point J on the shorter arm of the mag¬ 
nifying lever An additional adjustment in the form of an articulation on the 
block lever is provided at K should the range of movement of the shoe I prove 
insufficient The magnifying lever pivots about two points carried by the 
post L and has a longer arm of spnng steel carrying the pen M Each of the 
two levers has a shorter arm of i m and a longer arm of lo in , thus the 
movements of the end E of the block lever in opening or closing the aperture 
of the trumpet are magnified one hundred times by the pen A device N is 
provided to lift the pen from the chart when required. 

The fluted rollers HH' of i in diameter are carried on sideplates fixed to 
the sides of the block, and are geared together The top roller works in a slot 
with a weighting of 20 lb applied through weighthooks, which is sufficient 
to prevent any slip. The drive is taken through a flexible connection to a 
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Plate II V^iew uith top roller removed, showing sli\er issuing from slot 
block le\er and weight hook 

two Speed gearbox O, made up of Meccano 50 tooth gears and single worms, 
which IS diagrammatically illustrated in Fig 2 The change in speed is 
effected loosening the set screw of gear P with a screw-driver through a 
slot on the side of the gearbox and moving the gear on its shaft into mesh 
with one or other of two worms 

The gearbox drives the recording drum Q, which is 5 m in diameter 
and 5 m high at either 1/50 or 1/2500 of the fluted roller speed Makmg 
allowance for the difference m diameter between the fluted roller and drum 
diameters the two speeds are equivalent to scales of 10 in and 500 in of 
sliver to an inch of paper respectively 

The machine k driven by a fractional horsepower gear motor placed 
underneath the base, which draws the sliver through the machine at the 
rate of 5 feet per minute. This is a convenience for testing long lengths of 
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Plate III Details of fluted top roller, block lever, gauges and block level 
eight hook (showing knife edge) 
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sliver, though good results were also obtained with a hand drive provided 
the speed was not excessive 

Calibration 

The dimensions were chosen so that the drum would take half a sheet 
of foolscap graph paper bisected lengthways Paper divided in inches and 
tenths IS used, one division along the chart representing i in or 50 in of 
sliver and the whole chart recording 3-J or 180 yards of sliver depending on 
the drum speed Each division across the chart represents one thousandth 
of an inch opening of the aperture, the zero, however, usually lies off the 
paper, and is adjusted by the shoe I so that the record lies centrally 

In order to calibrate the chart before a test one of the gauges R, of 
appropriate thickness depending on the hank of the sliver, is inserted in the 
aperture, with the top roller removed, and the shoe I is adjusted unfal the 
pen lies on a convenient chart line, when the shoe is locked with the lock 
unit The value of one line being known that of the remainder can be 
wntten m this means the variations in thickness plotted on the chart 
can be transformed into a coefficient of variation or other appropriate 
measure if required 

The relationship between the thickness and the hank of the sliver was 
mvestigated for card sliver and for finisher drawframe sliver in the followmg 
manner A senes of three card slivers and another of seven drawframe 
slivers w^ere prepared varying in hank by suitable steps Six yards of each 
sliver were measured off on a wrap block and weighed, from which the mean 
hank over the six yards Avas ascertained The six yard length was then 
passed through the machine at the slow drum speed, and the mean thickness 
ascertained from the trace by inspection The ten traces are shown in Fig 3, 
the numencal results being as follow^s — 


Origin 

Sli\ er 

Hks/Lb 

Lb/Hk 

Estimated 
thickness 
1/1000 in 

Card 

A 

0 193 

0 19 

59 0 


B 

0 152 

6 58 

70 5 


c 

0 12b 

7 94 

83 5 

Drawframe 


0 314 

3 18 

28 0 

» f 

! E : 

' 0 253 

3 96 

36 0 

’ ' ! 

1 F i 

' 0 210 

4 76 1 

43 0 

I 

G 

0 179 

5 59 

50 5 


H 1 

i 0 157 

6 37 ! 

! 58 0 


I 

0 138 

7 25 

64 5 

.. 

J 1 

! 0 124 

8 07 1 

1 72 0 


From these results, which are plotted in Fig 4, it is seen that a linear 
relationship exists betw^een the weight per unit length of the sliver and its 
thickness, as measured by the machine in the case of both card and draw- 
frame slivers Card sliver appears thicker than drawframe sliver of the 
same hank, doubtless due to its less oriented character, and the line does 
not pass through the origin as is the case with drawframe sliver The 
difference between the tw^o types of singer though of interest theoretically, 
has little practical importance in the utilisation of the machine 

Reproducibility 

Since the sliver is not damaged m passing through the machine repeat 
tests may be made on any sample if required Fig 5 shows the ongmal 
and a repeat test made on the same length of finisher drawframe sliver, the 
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zero of the repeat test was moved to separate the two graphs. Despite a 
few local differences, the correspondence is stnking By measunng between 
corresponding features of both curves, it is seen that the sliver was stretched 
only I per cent durmg the repeat test. 

Comparison of Card, First and Second Head Sliver 

Fig. 6 shows the results of tests on a group of drawfraraes making o 21 
hank finisher sliver from 0 15 hank card sliver in two passages with roller 
settings of 49, 53, and 61 thirty-seconds of an inch from front to back. 
The cotton was Amencan of effective length 39 thirty-seconds. 

It is seen that over the short lengths covered by the charts at the faster 
drum speed, the card sliver is the most regular product, but that it contains 
long penod variations, doubtless due to the scutcher laps, which are revealed 
only when long lengths are tested at the slower drum speed These long 
penod vanations are absent in the drawframe slivers 

Drawframe Faults 

Charts made at the higher drum speed from faulty drawframe sliver 
usually, though not always, show a regular penodicity, the length of the 
penod depending on the cause of the fault Thus a faulty back roller of 

in diameter at a draft of 6 would be expected to produce a period of 
26 in , which IS the length of sliver delivered by the drawframe for one 
re\olution of the faulty roller The period can be determined from the 
chart by inspection with sufficient accuracy to suggest the location of the 
fault 

In the investigation of faults and in routine checks it is advisable to test 
evety delivery of a drawframe This allows for a more accurate deter¬ 
mination of the penod if the fault is present m all the delivenes, as is often 
the case, and there is less chance of its being concealed by casual variation 
as may happen if only one test is made on the frame The fact that the 
fault is or is not present in all delivenes is also a valuable clue to its identity. 

The following are examples of faults located in this way 

Figs 7 and 8 show the effects of bent steel rollers The bend usually 
occurs in the neck at the geanng end and the fault is easily seen in the 
eccentnc running of the roller end pinion This fault appears relatively 
common with the make of drawframe concerned and raises the question 
whether the rollers are sufficiently supported against the forces produced by 
the gearing 

The faulty sliver in Fig 9 was made with a second roller pinion which 
had been bored eccentncally, this pinion had probably at some time had its 
bore enlarged carelessly by filing The fault was easily seen with the pinion 
re\ olving 

In Fig 10 IS seen the result of failure to buff the cork top rollers fre¬ 
quently enough, they had been running about eighteen months since buffing 
and had worn slightly hollow The fault has been encountered only in 
connection with front top rollers, exchanging the faulty rollers between the 
different lines showed that the second, third and back lines were insensitive 
to this degree of hollowness 

A broken front roller stand caused the fault shown in Fig ii, the rear 
arm having broken off, thus releasing the constraint from one end of the top 
roller Such breakages are the result of front top roller laps being allowed 
to build up by a badly set electnc stop motion 

If the weight hooks are incorrectly set it is possible for the weight 
relie\ing motion, though m the inoperative position, to take the weight off 
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the roller, and Fig, 12 shows an extreme case of this in which the second 
top roller was involved This vanation could easily been seen m the shver, 
though in fact it passed unnoticed. 
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Two tests on same length of slivei 0’2i Hk, DF24/3, 4/8/48. 
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Fig. 6 (&) 
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THE PRINCIPLE OF DOUBLE TWISTING AND A REVIEW OF 

THE LITERATURE 

By G Dakin and E. J. L. Smart 

{Copyright hy the Textile InsUUite) 


I. INTRODUCTION 

It IS generally accepted that the insertion of twist in a thread demands 
that one end of the thread is held fast and the other end is rotated round it. 
This principle is embodied in all the long-standing methods commonly used 
m the textile industries for inserting twist m a thread,* as for example, (c) 
inclined (mule) spindle, (fe) nng and traveller, (c) flyer, {d) cap and (e) 
uptwister. Although in trade practice the axis of the thread is caused to 
depart from a straight line during the twisting process (for convenience of 
thread control and bobbin formation), yet the conditions obtaining are 
essentially similar to those when the thread is straight. For each of the 
conventional devices ]ust referred to, in which the prime mover is a rotating 
spindle, one turn of twist is inserted in the thread for each revolution of the 
spindle. It can, however, be readily demonstrated that, although the rota¬ 
tion of one end of a thread relative to the other is sufficient for twist insertion, 
It is not essential. A thread may be twisted without relative rotation of its 
ends at all This may be demonstrated with reference to Fig i. If a short 
length of tape is held m the form of a loop with both ends fixed and the 
longer leg is rotated round the shorter so that the same side of the tape 
always faces the axis of rotation (Fig. la) the tape becomes twisted If, 
after one complete rotation the tape be straightened out (Fig. ib) it will be 
found to contain two complete turns of twisf. This is the basis of " double¬ 
twist"' or "loop" twisting. The same effect is produced if the longer leg 
of the loop IS translated round the shorter leg, i e if the longer leg of the 
loop is moved bodily round the shorter leg so that the tape always faces the 
same direction (towards the reader in Fig, ic). These methods of twist 
insertion are not to be confused with other methods of obtaining "double¬ 
twist " which make use of two rotating spindles of the conventional type in 
tandem as illustrated in Fig. a. In this instance only one twist is inserted in 
the tituead for each revolution of each spindle. 

A potential advantage of the "two for one" method of twist insertion 
will be apparent, since the rate of twist insertion is doubled for a given 
spindle speed. Commercial applications of this principle exist, and as a 
matter of interest, it may be stated that the first double-twist spindle traced 
by the authors was patented 93 years ago In the last year or two, renewed 
interest has been shown in the matter, following the introduction into this 
country of a double-twist spmdle manufactured by the German firm, Farmer 
Maschinenfabrik A,-G,, and commonly referred to as the "Barmag" 
spindle. A high speed double-twist spindle designed by Saco-Lowell has 
also attracted considerable attention.”^ 

The aim of the present paper has been to trace the development of the 
double-twist spindle from its inception by a review of the literature, with 
special reference to the patents which have been filed, of which a com¬ 
prehensive list IS given This forms the mam body of the paper (Section 

♦ Thread ” is used here and subsequently m its broadest sens© to include sliver, 

roving, yarn, etc. 
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III), and It is preceded by Secbon II which introduces the underlying prin¬ 
ciples of the double-twist method of twist msertion and considers its 
application to textile machines 

n. THE DOUBLE-TWIST PKINCIPLE AND ITS APPLICATION TO 
TEXTILE MACHINES 

The Double-Twist Principle 

In considering the twist inserted in a thread it will be necessary first to 
consider the definition of twist. The kinematics of twist as applied to textile 
yams has been the subject of a paper by Woods;®^ for this reason it is not 
proposed to enter into more detail than is sufficient for immediate require¬ 
ments. 

Consider a straight uniform cylinder as shown in Fig 3. Let AB be the 
axis of the cylinder and CD any Ime on the surface parallel to the axis, so 
that AC and BD are the radii jommg the axis to the chosen line. If the 
cylinder be untwisted as m Fig. 3a the transverses AC and BD lie m the 
plane containing the axis AB and the generator CD. If the lower end of the 
cylinder be rotated with respect to the upper, the cylinder becomes twisted, 
the generator CD assumes the shape of a hehx CDi and the transverse BD 
is displaced to BDi (Fig. 3b). The twist m the length AB of the cylinder is 
defined to be equal to amount of rotation suffered by the transverse BD, 
relative to AC, i.e. the angle DBDi. In general the twist m a cylinder may 
be defined as the amount of rotation of the transverse to any given generator, 
per unit length of the axis. We shall make use of this definition when con¬ 
sidering threads twisted on the double-twist pnnaple. 



The configuration of the thread on the double-twist type of spindle may 
be as shown m Fig. 4. It will be observed that the thread assumes the form 
of a loop ABC, of which the axis of rotation is the line AC Both the ends 
A and C are fixed. In practice the loop is rotated by suitable means, and 
thread is delivered from the region of C and taken up at the point A, or 
vice versa, so that the process is continuous, the relative speeds of rotation 
and withdrawal determimng the actual twist inserted per unit length of the 
thread. 
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For convenience m considering the twist inserted in the thread for a given 
rotation of the loop, we shall divide the loop into two sections, one above the 
line BC and the other below it. The twist inserted in the first section, i.e. 
in the length AB for a given rotation 6 may be considered with reference to 
Fig. 4 and also to Fig. 5a, which represents a view of Fig. 4 from above. 
For the initial untwisted position represented by the Ime OOi, the transverses 
BL and AM are coplanar with the generator ML. After a rotation 6 dock- 
wise BL assumes the position BiLi, AM remaining fixed. The transverse 
BiLi IS then inchned at an angle 6 to AM and the generator ML assumes the 
configuration MLi The twist in the length AB of the thread is thus equal 
to 0 , the amount of rotaton. It remains to consider the extent of the rotation 
of BL to a transverse m tiie thread at C 



Fig 5b refers to the lower half of the loop As m Fig. 5a BL represents 
the transverse at B, which is coplanar in this instance with the generator LN 
Ton the underside of the loop BC) and the transverse CN m the thread at the 
second fixed point C. For a rotation 6 it is apparent from Fig. 5b that the 
twist inserted m the loop BC is again $, the angle between the transverses 
CN and BiLi. The total twist in tiie loop ABC is the resultant of the twists 
in the two portions AB and BC. Smce the section at B has been rotated 
clockwise an amount 6 relative to the fixed section A and the rotation of 
section C is 0 , also clockwise, relative to section B, it follows that the total 
iotation of C relative to A is 2 ^ for a given rotation 6 of the loop Each 
complete rotation of the loop therefore inserts two twists in the thread. 

The case in which the loop ABC is translated round the axis AC may be 
considered with reference to Fig. 5c. In this instance, since there is no 
relative rotation between A and B we may consider only the motion of the 
bottom half BC of the loop, with reference to the transverses BL and CN 
and the generator LN. For any displacement 0 ©f the loop, transveise CN 
at C remains fixed and the transverse BL at B assumes the position BgLa, 
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parallel to its original direction. With respect to the axial plane through 
B,C it IS apparent that in the displaced position BL has rotated 6 anti¬ 
clockwise and CN also 6 anh-clockwise. From Fig. 5c it is apparent that 
these twists are additive and the twist in the loop is again 2 6 . “Double- 
twist " is therefore obtained when the leg AB of the loop ABC is rither 
rotated or translated round AC, but it should be noted m the above treatment 
that only the ends and a selected middle point of the loop have been con¬ 
sidered Distribution of the double-twist between these points is a matter 
railing for further attention and may, indeed, well defy simple analysis. 



Fig 5 - 


Application to Textile Machines 

In considering the possible commercial application of the donble-twist 
spindle, as with all innovations, many factors have to be taken into account, 
including capital cost, maintenance and repair, labour requirements, ease of 
manipulation, production and yam quality. The only data available on 
some of these items at the time of wnting apply to the Dunlop double-twist 
spindle (see Appendix), but a brief discussion of some relevant factors 
referring to double-twist spindles m general may be of interest. 
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It will be clear from what has gone before that the fundamental con¬ 
dition for double-twist insertion requires one leg of a loop of thread to be 
rotated or translated round the other leg, both ends of which are prevented 
from rotating. For commercial use it is of course essential that the twisting 
process be continuous so that application of the double-twist principle must 
t^e into account a running thread, the direction of motion of the thread 
being either from or towards the spindle. This demands a suitable source 
of supply of the untwisted thread and means for accommodating the twisted 
thread Control of the package inside the rotating loop raises problems, 
which above all others are responsible for the diversity in design of the 
physical embodiment of the double-twist pnnciple The longer leg of the 
loop is rotated by a spindle and " balloonsround the shorter leg which is 
either withdrawn from or wound on to a package encircled by the balloon 
There are two problems, (a) to ensure that the motion of the spindle package, 
if any, is unaffected by the rotation of the spindle itself, and (6) to accom¬ 
modate the largest spindle package possible These vnW now be considered 

Control of Spindle Package, 

Owing to the necessity of maintaining a package inside the encircling 
“balloon" of thread formed by the rotation of the outer leg of the loop, 
there is no alternative to mounting it on the spindle that rotates the loop. In 
this connection the problem of unwinding yam from a package contained 
\Mthm the balloon is much simpler than that of winding the twisted yam 
onto a package In the earlier types of double-twist spindles the problem 
of maintaining the spindle package stationary presented considerable 
difficulty, mainly due to the fact that suitable beanngs of a low’^ friction type 
were not readily available. Vanous means were tried for mounting the 
package earner so that it was unaffected by the rotation of the spindle, e g. 
epicyclic gear trams, friction devices, oscillating stop mechanisms, eccentnc 
mounting of the spindle axis, electro and permanent magnets and gravity 
control. The gravity method appears to have found most favour, probably 
because of its cheapness and simplicity, but it suffers from the disadvantage 
that its action is not wholly positive The package carrier is mounted on 
the rotating spindle by means of ball or roller beanngs and any tendency 
of the earner to follow the spindle rotation is opposed either by a restoring 
couple supplied by a weight acting on the package earner or by the braking 
acnon of a suitably mounted weight. This type of package control demands 
an inchned or honzontal spindle, the angle of inclination must not approach 
so near the vertical that the weight would prove ineffective in preventmg 
rotation of the package It will be apparent that if the spindle-to-package 
beanng should “seize" on the gravity control method, an unbalanced 
system would result which would be set in rapid rotation with consequent 
danger of bursting 

Of the other methods, it would appear that only the magnetic system 
has survived, this type of control enabling the supply package and spmdle 
to be maintained vertical The employment of gear wheels or fnction rollers 
on the epicyclic pnnciple is perhaps the most obvious method of maintammg 
the spmdle package stationary, and was used by Kirkman^ as early as 1855 
It has the advantage of positive control over the motion of the package 
within the ballooning thread and allows of the use of a vertical spindle. On 
the other hand spindle design is complicated and spmdle speeds are limited by 
the additional rotating mechanism involved. The vanous methods of 
package control^gravity, gear trains and fnction rollers, magnetic and 
eccentnc axes, etc —are desenbed in Seebon III, and in fact form the basis 
for classification of the various types of double-twist spindle there dealt with. 

Size of Supply Package 

The usual alternative types of textile packages—cheese, cone, double- 
nanged bobbin, etc —can be used on the double-twist spindle, of these the 
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cheese and double-flanged bobbin have found most application. The question 
of space limitation and the need to utilise the available space to the fullest 
extent may call for preparation of the spindle package on specially designed 
winding machineiy.’-®^^^®®^^®^ For supply packages using over-end withdrawal 
of the thread, special auxihary gmding and tensioning devices are used. 

The actual size of spindle package is governed by vanous conflictmg 
factors and the choice must of necessity be a compromise. A large 
package necessitates, of course, a large disc or flyer in order that the 
ballooning thread may clear the package, and this implies a reduction in 
maximum spindle speed and increase in the gauge of the machine. Spindles 
with two bearings and flyer arms between them make the greatest use of 
gauge and frame space, so far as horizontal spmdles are concerned (see 
Fig. 6). It IS only required that the flyer should just clear the yam from 
the spindle package and the take-up or delivery point can be placed very 
near to the inner bearmg through the axis of which the yam passes. The 
use of two bearings and flyer arms, however, complicates the spmdle and 
increases the cost of manufacture. Further, the greater rotating mass involved 
calls for reduced spindle speeds and is potentially dangerous to the operative 

Inclmed and vertical double-twist spindles economise in frame width and 
the type of spmdle package employed is not subject to the same limitations 
as for a horizontal spmdle. With one type of inchned spindle^^® the body 
of a flanged bobbin serves as the supporting medium between the lower 
twisting portion of the spindle and the upper part through which the yam 
IS drawn off. 


Table I 

Comparison of Spindle Package Sizes 


Type of spmdle 



Double twist 

Single twist 


Dunlop 

(Horizontal) 

Barmag 

(Inchned) 

j(3}''dia nng, T^'lifti 

T 3 .'p 6 and size of spindle package 

Cheese 

Dia 

Traverse, 3" 

Flanged bobbin 

Dia, 

Between flanges, 5 J" 

j 

* Taper bobbin 

Dia, 3'' 

Lift, r 

Approximate volume of yarn on 
full bobbin (cu ms) 

45 

105 

40 

3pindl (r p m) 

3,500 

0,000 

1 

o,200 

Spindle gauge (ms) , 

9 

16} 

j (two tiers) 

5 

Approximate frame width 


1 2'C^ 

3'8" 


For reasons already given, double-twist spindles will in general be spaced 
much farther apart than conventional rmg spmdles twistmg similar material 
On the other hand the inclmed and vertical double-twist spindle lends itself 
to the 'Mouble-decker *' type of frame construction which offsets to some 
extent the increased spmdle gauge. Further, if a continuous belt is used to 
drive the spindles, an appreciable reduction m frame width may be obtained 
so that the floor space required per spindle is further reduced on that 
account. To give some idea of the differences that obtain m practice, 
Table I has been prepared showing the sizes of spindle package, speed, gauge 
and frame width for the ordmaiy ring spindle and two types of double-twist 
spmdle (Dunlop and Burmag) when twisting 233/5 tyre cord. 
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As regards package size, the main interest lies in a comparison of 
the spindle packages, smce the size of package external to the spmdle is not 
subject to the same hmitations and requires separate consideration It will 
be observed that the gauge of the Dunlop spindle is nearly twice, and of the 
Barmag spindle over three times that of the conventional ring spindle. On 
the other hand the Barmag spmdle package is considerably larger than the 
nng spindle package, but there is litfle difference between tiie latter and the 
Dunlop spmdle package. (It may, however, be stated that experimental 
work IS in progress by Messrs. Dunlop Cotton Mills to increase considerably 
the size of the package for their spmdle.) As regards spmdle speed it seems 
safe to assume that the Barmag spindle will run at speeds at least equal to 
those used on the ring spindle so that the rate of twisting will be doubled. 
The limitations upon speed imposed by air resistance when using the large 
balloons necessitated by large supply packages on the Barmag spindle is, 
however, a matter calling for investigation. 

Not until all the relevant factors affectmg production have been taken 
into account is it possible to decide whether ttie double-twist spindle will 
show a wortii-while advantage over the "single twist" spindle, but enough 
has probably been said to make it clear that the advantage gained, if any, 
is not as clear cut as the " two-for-one " twist principle would suggest. (See 
also Appendix.) 

Comparison with Conventional Spindles, 

In dealing with the various aspects of design, manipulation, etc., of the 
double-twist spindle it is convenient or even necessary to draw a comparison 
with existing types of spmdle in common use, so that the advantages and 
limitations of the very attractive "two-for-one" principle of twisting— 
which appears very much like somethmg for nothing—^may be viewed in 
their proper perspective. The authors' first-hand experience of double-twist 
spmdles is very limited and in what follows reference is made to such 
information as is available in the technical press or to claims m patent 
literature, the source of which is given. 

Double-twist spmdles have a big advantage over conventional spindles 
in that neither the dehvery nor take-up packages are rotated for the purpose 
of twist insertion. Power reqmrements are stated to be reduced in con¬ 
sequence Accordmg to one authority^®^ the power reqmred per 

pound of thread twisted on the Dunlop double-twist spindle is less than half 
that reqmred by ihe ring doubling spmdle. As regards production, increases 
of 100 to 150 per cent, have been claimed®® m the twisting of fee yams, 
combined with greater regularity of product. 

The double-twist spmdle itself cannot be considered much, if any, more 
comphcated than the conventional ring spindle, but threa<fing-up of the 
spindle is more dif&cult and careful supervision is necessary unless individual 
stop motions are fitted It is claimed that doffing becomes a more con- 
tmuous process without the rush periods common to some other types of 
twisting frames.Risk of oil-staining is small since there are no rings 
to be lubricated and the spindle bearing lubricant can be isolated effectively 
from the neighbourhood of the thread 93^102,10* 

On the ring doubling spmdle, thread tension is dependent on the motion 
of the traveller and tension variations occur from nng to nng and traveller 
to traveller.^®® On the other hand a vanety of tensionmg devices is applicable 
to double-twist mechanisms ranging from fricton pads to positively driven 
rollers, and with reasonable care tension variations between double-twist 
spindles of the order of those expenenced between ring spmdles may easily 
be avoided,®® The arrangement does not lend itself to wet doublmg,^®* but 
one attempt at least has been made to overcome this limitation,®® 
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Future Developments, 

The future development of double-twisting would seem to lie along 
similar lines to those followed by the more normal twisting methods; that is 
to say, the birth of the basic idea succeeded by a senes of improvements and 
modifications over a number of years, relatmg only to secondary details 
which leave the original pnnciple unchanged. 

Possible developments of this type might be expected to include the 
employment of new alloys and plastic mouldings for lighter discs, flyer and 
spindle parts which allow of increased spindle speeds, spindle construction 
more compact in relation to the size of package earned and, m turn, modi¬ 
fications to bobbin and package dimensions and structure, reduction in 
spmdle gauge and floor space required for complete frames, adaptation of 
the pnnciple for finer counts; improvements in tension devices, stop motions, 
winding methods, bearmgs, etc , modification of spindles for the purpose of 
wet doubling, and also for direct spinnmg. 

Indications already are that more recently designed spindles, when 
employed for finer doublings, may attain speeds equal to and even in excess 
of those possible with normal ring spindles or spindles where the package 
revolves together with the twisting means. One wnteri* foresees in the 
double-twist principle a keen rival to contemporary ring and silk twisting 
methods and considers its application to the cotton spinning process is not 
far distant; another^®^ wnting m a more critical vein is of the opinion that 
the principle is only capable of application economically to crapes, tyre cords 
and heavy cabled yarns. It is, of coume, in this sphere, where high twists 
and regularity of product are specially sought after, that the " two-for-one'' 
twist principle is particularly attractive. 

Where very even twist is required, two separate twisting processes are 
said to be necessary on ring or flyer doublers, but the double-twist spindle 
will insert the same amount of twist at one operation to give a product of 
equally good quality In this connection the action of the double-twist 
pnnciple is considered to be ''kinder” on the yam because the twists are 
inserted at different points along its length, and also because of the fact that 
for an equivalent production rate the spindle speed is halved.^®® A general 
claim is that of reduced vanation in twistmg tension and turns per inch 
Absence of snarls on starting and stopping the frame is also often claimed **• 
9o.»2,ios,io6,io8 -poT these reasons the double-twist spmdle has so far found its 
main application for twisting heavy cords, tyre and rayon cr4pe yarns 

III. SURVEY OF PATENTS AND LITERATURE 
Double Twist Spindles 

It is not possible to indicate, even approximately, a date when the prin¬ 
ciple of loop twisting was first applied to spindle apparatus. The idea is by 
no means a new one and may even date back to tihe days when the rapid 
industrialisation of the cotton mdustiy produced a spate of inventors pressing 
eagerly forward in the footsteps of the pioneers. The first patent for a 
double-twist spindle which the authors have traced was taken out by 
Kirkman in 1855.^ The construction is elaborate by modern standards and 
this would seem to suggest that the invention was by no means a first 
attempt. It was followed by many others from different sources and by 
1900 the double-twist pnnciple had been thoroughly exploited. For 
instance, Golding's^ patent of 1890 is outstanding for its show of ingenuity 
and diversity of application. The specification, which is extremely lengthy 
and contains over sixty plates, describes arrangements for inserting four or 
more turns at one operation, or for carrying two packages, each thread 
being separately double-twisted. The inventor thoroughly explored means for 
retaimng the package stationary, including eccentric mounting of the spindle 
axes, magnetic and gravity controls The patent also covers arrangements 
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for winding onto or drawing off from the package, rollers and roller heads; 
thread gmdes; spmdle lubncation; independent braking; building motions 
and stop motions. 

It would be mterestmg to know why these early inventions never attained 
practical application m the trade. Perhaps the difficulty of retaining the 
package stationaiy was not satisfactonly overcome, for there are accounts of 
double-twist spindles being dangerous and “exploding’*; or perhaps the 
inventors lacked the necessary backing to carry their ideas beyond the 
embryo stage. Whatever the reason may have been there is, it seems, only 
one recorded instance of the apphcahon of the principle to an actual machine. 
This was a frame constructed in Manchester by Shepherd and Ayrton (now 
Wm. Ayrton & Co Ltd.) in 1887, but there is no record of such frames 
being employed on an industrial scale. 

This survey does not attempt to give full account of the chronological 
development of double-twist spmdles Rather, in order to give the subject 
matter greater cohesion, patents with similar features are grouped and 
reviewed in turn, together with brief descnptions of the more mteresting and 
relevant types 

All double-twist mechanisms, of whatever t37pe, must conform to two 
fundamental pnnciples First, tibie yam must be looped so that one leg of 
the loop is translated or rotated round the other; secondly, a package must 
be mounted and held stationary within this loop. The spindles have been 
classified according to the method employed for maintaining the package 
stationary. These are; Gravity Control, Gear Trains and Friction Rollers, 
Magnetic Means, Eccentric Axes, etc 
Gravity Control 

The weighted creel or gravity control was employed by King®*® m 1880 
and 1885, and it seems probable that he was the pioneer of tfis method. 


G H 



Fig. 6. 


{King, 1880 ) 

The spmdle (Fig, 6) is of the tAvo-bearing, horizontal type. The yam is drawn 
off sideways from the bobbin A which rotates on spindle B supported by 
yerhcal arms C of the yoke or cradle D, which is “loosely hung on the 
hollow revolving spindles EEi . . . the centre of gravity of the suspended 
oeing below the spindle axis to avoid rotation". The spindles EEx 
which rotate in the bearings are connected by balancing arms FF^ provided 
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with yam guides G and H, and a drag pad I is applied to the rotating bobbin 
in order to tension the thread King's second spindle,® although substan¬ 
tially the same as the first, differs from it in that the bobbin is placed coaxially 
with the spindles, thus allowing a larger package to be housed in the frame 

The main form of King’s early inventions has been adopted by many 
subsequent designers of double-twist spindles of the horizontal tjq)e, J* Beck’s 
patent^^ 1898 compnses a very complicated arrangement with drives at each 
end and a mechanism for wmding the yam onto the bobbin; a siimlar 
spindle patented by Fahr^® 1903 has two horizontal flyers driven for the first 
time by separate synchronous A.C. motors. Among more contemporary 
inventions, a spindle patented by Langstreth and Townson,” of Dunlop 
Cotton Mills Ltd., in 1937, still resembles in essence the early spindles of 
King, with two bearings and a flyer to allow a larger package to be 
accommodated. 

Shepherd and Ayrton's^® spindle patented in 1886 is of interest because 
of its departure from the conventional flyer constmction which iypifies the 
earlier double-twist spindles The spindle (Fig. 7) is mounted in a nearly 
horizontal position and the yam is drawn off over the edge A through the 
hollow spindle B. For the first time a disc C is employed to clear the bal¬ 
looning yam from the bobbin and weighted cradle frame D Provision is 



Fig 7 . 

(Shepherd and Ayrton, 1886 ) 

made to prevent the escape of lubricant by means of a recessed cup E. This 
patent certainly marks a step forward in the evolution of double-twist 
spmdles, and as already mentioned, a frame incorporating the spmdle was 
built in 1887. Similar in type to Shepherd and Ayrton’s design is the first 
spindle patented by Andrew and Langstreth^^ in 1926, followed by another 
patent**^ in 1927* These two spindles were the forerunners of the now well 
kno\m Dunlop Disc Doubler,specially developed for 
making lyre cords. For this spmdle (Fig. 8) which is horizontal, the package 
A IS carried on the weighted bobbin support B, which in turn is mounted on 
ball-bearings C on spindle D driven by pulley E Disc F serves to clear the 
yam balloon from the package as also does nng G. The bobbm A is earned 
on a frictional washer H fixed to platform I which, to quote the patent 
specification, is''flotably” mounted on support B and retained by peg J. 
Several interesting methods of obtaining an even tension from full to empty 
package are described in the patent specification, including special methods 
of wmding the supply package, dropping water into a receptacle to com- 
pe^ate for the decreasing weight of tibie package as the yam is drawn off, 
and a collapsible drag washer. Similar in design tg the Disc Doubler is a 
spmdle patented by Fener,®® but m which provision is made for winding the 
yam on to the spmdle package. This is accomphshed by means of a gear 
tram dnvmg the bobbin from the rotating spindle and a variable gear to pve 
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rather elaborate and this coupled with the use of stop motions would make 
the cost of manufacture very much higher than ttiat of a normal ring 
doubhng spmdle. Electric stop motions of the same type are also the feature 
of spindles patented by the Soc. Textile Twistok®**®^ of France These 
stop motions operate when the supply package approaches exhaustion, any 
single yam breaks, the tension of the combmed yams becomes excessive, or 
the bobbin carrier is displaced. The system is operated by feeler contacts 
which close the circuit of an electro-magnet connected to the main motor 
switch or main dnve so as to discormect the drive on completion of the cir¬ 
cuit. Connection between the feeler contact circmts within the flyer and the 
outside source of current is achieved by means of brushes and slip rings 
fixed to the rotatmg spindle shaft next to the driving pulley An interesting 
arrangement of horizontal dual bearing spindles in umts of three is known 
commercially under the name '"Comatex" This frame, an invention of 
the Comptoir de Materiel Textile’'® in 1937, consists of units of three spindles 
mounted in banks. Each spindle has two discs, not joined as usual 
by flyer arms, but synchronised by a chain drive from a common 
driving shaft, this arrangement ensuring uniform insertion of twist. The 
spmdles are also provided with positively dnven drawing-ofl rollers situated 
on the package carrier at the entry of the twisting axes. The machine is 
evidently designed for heavy cabled yams since the separately twisted threads 
from a unit of three spindles are passed to a delivery roller and then grouped 
for windmg on the take-up bobbin; this bobbin is then placed in a similar 
machine and again cabled Considerable attention has been paid in the 
design of this machme to the maintenance of even tension and deliverv 
speed, and the makers claim a high degree of twist regularity. The patent 
specification states that electric stop-motions of the type described in the 
patents of Baudonnel and Berthier®^ and of the Soc. Textile Twustok®*»®® mav 
be fitted. 



Fig 9 . 

(Soc Italiana Pirelli, 1933 ) 

Ako in the field of heavy cords, a spindle developed by Soc. Itahana 
Pirelli®® (the t3^e firm) is of interest. This arrangement comprises in effect 
a multiple double-t^st spindle, for within the main spindle assembly two or 
more subsidiary spindles are mounted. In Fig. 9 only two packages A are 
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shown and these are held stationary in carriers B slung loosely on the axes 
of spindles C. The whole is mounted on the main rotary spindle D, which 
drives spindles C by gears E, F. The yam drawn off packages A passes 
through freely mounted flyers G, through guides on discs H and hollow 
spindles C to a doublmg eye I and freely mounted flyer J, then through 
guide K on disc L and rotary spindle D to delivery roller M. Thus the 
separate yams from the packages A are first given a double-twist and then 
combined by a final double-twisting Whether this elaborate spindle has 
ever been employed m production is not known, but in common with all 
such comphcated devices it is probable that the spindle speeds will be rela¬ 
tively low and that operation and mamtenance may be too involved for 
practical purposes. 

Up to this point horizontal spindles alone have been dealt with; this type 
is usually bulky and requires considerable space when mounted, res^ting in 
a rather large frame width. In 1907 a spindle was patented by Bebid^® with 
the axis inclined sufficiently near to the vertical to reduce very appreciably 
the over-all width occupied by the spindle, without rendering ineffective the 
gravity control. This invention marked the advent of the inclined spindle,, 
for although some time elapsed before other spindles of this type appeared^ 
within recent years the arrangement has met with considerable popularity 
among designers of double-twist spindles. Bebi 4 's patent also incorporates a 
mechanical stop motion in the shape of a pivoted arm which falls to engage 
with a stop if the package carrier turns beyond certain limits. 

Outstanding among spindles with inclmed axes is the Barmag (German) 
spindle, a product of the Banner Maschinenfabnk A.-G. of Lennep, Rhein¬ 
land, a firm of textile machinists who have devoted considerable attention 
to the problems of double-twistmg over a number of years. Some indication 
of their work in this field is given by the number of patents®®'*^»“»^* 
a7,w,75,79,iio £ 2 ed between the years 1930-38. As early as 1931, a patent*®^ 
was taken out describing a double-sided twisting frame with inclined double¬ 
twist spindles. The storing ring is an interesting and unusual device- 

to compensate for tension variations in the running thread. Some 
patents^**®®»®**®^*” relate to modifications of driving whorl and disc and of the 
guiding element which protects the package from the balloonmg thread; 
Others” relate to adaptations of tiie package carrier for dMEerent types 
of packages and numbers of packages and changes in the package control 
weight,®^*®®*®® The spindles are mounted in two tiers on each side of 
the frame®^ and are driven by an endless belt.^® In addition, tiiere 
are contrivances for thread clearing,®® yam guiding,thread engaging,^® 
and sizing or wetting the yam.®^ A spindle (Fig. 10) developed specially for 
craping piloses, has a light wire flyer C, which is rotated slowly by the 
yam unwinding from the package. The yam passes from the bobbin A 
through an eye in the flyer C, down the axis of the spindle, emerges through 
a slot D in the storing ring G and doubles back over the guide dome or disc 
H to the take-up point The yam package A comprises a double-flanged 
bobbin fitting on the bobbin carrier E which is prevented from rotating with 
the spindle by counterpoise weight B The weight B is not fixed rigidly to 
the bobbin carrier E, but is mounted on a flat rmg (concentric with the stub 
of E) so that although direct rotation of the bobbm with the spindle is pre¬ 
vented by the restoring couple due to the weight B, yet the bobbin carrier E 
^ free to turn slowly during twisting because of the flexible coupling. 
Uneven wear of the bearing I is thus avoided. Further, this arrangement 
would appear to assist in damping oscillations of the bobbin carrier and 
reducing the risk of bursting" should bearing I seize. 

ci of the bobbin itself forms the support for the stationaiy 

nose " of the spindle on which flyer C rotates. The spindle is inclined at 
25 '’- 3 o® to the vertical, and is driven by whorl F which carries at its upper 
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end the storing ring G. This device consists of a grooved ring, coaxial with 
the spindle and located at the base of the guide disc H. The ring carries on 
its circumference and across the groove a number of short bars and the yam 
emerging from die axis of the spindle passes along a radial slot in the ring. 
It is claimed that any variations in tension as the yam is withdrawn from 
the spmdle package are compensated for by the wrapping or unwrapping of 
the yam on the stonng ring. Immediately below die storing ring inclined 
slots are cut to facilitate threading/®^ Three sizes of spindle have actually 
been examined by the authors, mounting bobbins of the following dimensions* 

No. I. No. 2. No. 3. 

Flange diameter (inches) . . 3^ . 6 i ... 

Between flanges (inches) . . 4f ... 5| 5| 



Fig 10 . 

("Bannag*^ spindle) 

The packages for sizes No. 2 and No. 3 are larger than those hitherto used 
wth double-twist spindles, and it is to be noted that the mcrease in package 
size has been obtained chiefly by mcrease in diameter, rather than length. 
Prom such information as is available the development of these spindles has 
progr^sed beyond the expenmental stage, and it is further understood that 
experiments on spindle tj^e No. i have reached a stage where its application 
to a fun scale frame should not be long delayed. 
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In America attention has also been devoted to the development of double*- 
twisting, and two patents^®^*® due to Kent cover inclined spindles with 
individual electric dnves, and in which the package is entirely enclosed. A 
spindle of double-twist construction, for folding together a number of yams^ 
is the subject of a patent®® granted to the United States Rubber Co. in 1945- 

Control of Package by Gear Trains and Friction Rollers 

Three forms of mechanical coupling are usually adopted—^gear wheels,, 
fnclion rollers and pulleys—^but the action of all Ihree is similar and only 
gear wheels will be considered. A stationary gear wheel A (Fig. ii) 
concentric with the axis of the spmdle G and located below the path of the- 
yam, engages with the lower wheel of the compound gear C, carried by an 
extended arm of spindle G, located diametrically opposite to the point where 
the yam emerges. The upper gear of C engages wheel D which is concentric 
with the spindle and integral with the bobbin carrier E. The system thus 
forms an epicyclic train and the package is maintamed stationary since no* 
motion is imparted to D by the rollmg action of C round it. The yam passes 
through the hollow spindle G and over disc or flyer K as shown m the 
diagram by the broken line. 

The principle used for maintaining the spindle package stationary may 
be illustrated with reference to Fig ii which does not, however, represent 
any specific spindle. 



Fig. II. 

(Illustrating use of gear wheels etc. to maintain the spindle package stationary) 
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Kirkman's spindle (Fig 12), which is of the windmg-on type, consists of 
a vertical flyer A mounted on hollow spindles Within the flyer A and 

supported freely on spindles B,Bi is a rectangular frame C terminating^ in 
upper and lower discs The bobbin E, its presser roller F and traversing 
guide G are mounted on frame C. Roller F is operated by gears from 

the upper spmdle B, and guide G is driven from bobbin E by gears K,L* 
In order to hold frame C stationary, toothed gears are employed, &e rotating 
member (not shown) turning with the flyer A and engaging with wheel M 
held fast in frame piece N, and with wheel P fixed to lower disc Di of 
frame C. The action of the gears is exactly similar to that illustrated by 
Fig II. The yam is dehvered from rollers, enters the hollow spmdle B 
from which it emerges and after being wrapped round the flyer leg enters 
lower spindle Bi and thence to the bobbm through traversing guide G. Twist 
is inserted between the delivery rollers and B, and between Bi and bobbin E, 

Kirkman claims for his spindle, to quote the words of the patent speci¬ 
fication: '‘By this new plan I obtain a much more regular stram upon the 
roving or yam, and make it more even and regular in appearance, and in 
every way a better article, and the flyer is much more simple and inexpensive 
in its construction than those heretofore used in similar objects/' The latter 
part of this statement would seem further to support tifie belief that the 
double-twist prmciple may already have been exploited before 1855. 

The use of bevels to maintain the package stationary is the feature of 
Clegg and Taylor's^ invention of 1881, but the arrangement is complicated 
and the descnption from the abndged patent specification is very involved- 
In 1861 a honzontal spindle patented by Dunn® incorporates friction rollers 
to ensure that the motion of the wmdmg-on bobbin is unaffected by the 
rotation of the flyer, the bobbin itself bemg driven by friction discs so as to 
wind on the twisted yam at a controlled rate, a double-threaded screw being 
used as traverse. Another horizontal spindle patented by the Soci6t6 
d'Applications d'Electricite et de M^chamique®®*®^*” employs an unusual 
arrangement for maintaining the spindle package cradle stationary. A large 
gear wheel fixed to the package cradle engages with a small wheel rotating 
freely on the horizontal arm of the flyer as bearing, this wheel engaging in 
turn with a large annular crown wheel, external to the flyer which rotates 
the small wheel at a speed twice that of the flyer. The speed at which tihe 
small wheel on the flyer arm rotates must preclude anytlmg but relatively 
moderate spindle speeds. 

Masson®^ patented a spmdle m 1927 which although ingenious m design 
IS mechanically so involved that it is difficult to envisage its application to 
practical twistmg. The yam path follows the conventional loop through the 
spindle, and in addition the package is revolved in the opposite direction to 
the rotation of the loop “further to augment the twist". The rotation of 
the package is effected by means of pulleys and bands, the creel being held 
stationary by the same medium. The spmdle dimensions must be several 
times greater than those of the package carried; for driving the spindle and 
guidmg the yam there are no less than sixteen pulleys; and threading the 
spindle would amount almost to a major operation. 

A neat arrangement of friction wheels and races for maintaining the 
bobbm carrier stationary is that adopted by Pool of Messrs. British 
Celanese The spmdle is vertical (Fig. 13) and an annular race A pro¬ 
vided on the package support B is engaged by one friction wheel C of a 
pair on a pin D rotating with the driven spindle E, the other friction wheel 
F engaging with another race G. If the wheels C,F are of the same diameter 
and the race G is held stationary the package carrier is prevented from 
rotating. The fnction wheels C,F are freely mounted on pin D so that con¬ 
tact of wheels and races is ensured by the action of centrifugal force. 
Variations in degree of twist may be effected by varying the relative sizes 
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of tile friction wheeb and races or by rotating the race G, this in effect 
causing the bobbin to rotate. A guide disc H for the yam is mnmit p j qjj 
ball-bearings on a tube I secured by springs J in the bore of the bobbin 
British Celanese Ltd. also hold patents"-*’-***”-" embodying the double-twist 
principle for other types of spindles, tensioning devices and methods of fancy 
doubling. ^ 


\ 



Fig. 13. 

(Britisli Celanese Ltd, and W. Pool, 1930) 
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A recent development^^® which combmes the double-twist principle with 
rotation of the spindle package is a feature of a patent®* by the French firm 
Rho^aceta. One such spindle incoiporates the normal type of epicydic 
gear-train already described, but by choosing a suitable value for the gear- 
train, the package is rotated in the opposite direction to that of the spindle 
proper. The single" twist thus obtamed is added to the "double" twist 
and its amount depends on the speed at which the package is rotated. 



Fig. 14. 

(Rhodiaceta, 1946) 

The same firm has also developed a spmdie which is an interesting 
elaboration of this prmdple, the spmdie package being rotated by an electric 
motor, and the spmdie itself by the usual pulley or an additional motor. In 
this arrangement (Fig. 14) the "stator" C of the package-driving motor is 
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mounted on the member D which is attached to the hollow double-twist 
spindle B just above the base of the spindle cup M The rotor'' E is 
mounted on an extension of the mandrel F the upper part G of which cames 
the package A. The weight of the package is supported by the thrust race 
H, and both mandrel F and rotor E are centred on the spmdle B, by ball 
races I. Slip-rings J, insulated from the spindle but turning with it, feed 
current to the stator C via wires K lodged m grooves L. The cup shaped 
guide-cover M prevents the ballooning yam from fouling package A. 
The motor speed must be such that when the spindle is rotating the package 
A turns in uie opposite direction. In effect, the speed of the rotor relative 
to the stator must always be in excess of the spmdle speed, if additional 
twist is to be obtained, the amount of this twist being proportional to the 
speed difference. For example, if the spindle speed is 5,000 r.p.m. clock¬ 
wise and the package speed 5,000 r.p.m. anti-clockwise, the speed of the 
rotor relative to the stator is 10,000 rp.m. and the total rate of twist 
insertion 2 x 5,000 for the spindle plus 5,000 for the package, making 15,000 
turns per minute m all. The same twisting rate could of course be attained 
by a normal double-twist spindle runnmg at 7,500 r p.m. with the package 
stahonaiy. No information is given of spmdle speeds or performance, but 
it seems probable that the advantages of this system are not so great as would 
appear at first sight For a reasonable gam m twisting rate the rotor to 
stator speed (that is the absolute motor speed) lainst very high for a 
normal range of spindle speeds. Thus, for a gam in twjs ^ -- rate of one- 
third motor speed must be twice the spindle speed, ^^urther, the most 
suitable motor for this purpose is of the type m wKjfP?speed is directly 
proportional to the frequency of the supply cu^^rdlffTand as the normal 
mams frequency of 50 cycles per sec. would gi:^'a motor speed of only 3,000 
r.p.m., some variable form of frequency conversion would be necessaiy if 
impracticably low spindle speeds are to bd avoided and the spindle and 
package speeds varied. The high motor speeds necessaiy would imply a 
source of danger if by accident the drive to the spindle were cut, for unless 
the motor circmt was automatically broken, the package might accelerate to 
a dangerous level. 

Magnetic Control 0 

In their search for a methodTof package control compatible with the 
demands of practical operation a few inventors of double-twist spindles have 
turned to the use of magnetic force. There are in fact only three or four 
instances from the records available of this method being used, and it is 
not known to what extent this type of spindle has so far been applied to 
twisting on an industnal scale.^^^ 

Magnetic control was applied as early as 1890, and Golding's^^ compre¬ 
hensive patent of this date specifies the use of permanent and electro¬ 
magnets for this purpose. In 1927 two patents are recorded by Durand®®*” 
for spindles controlled by a bar and magnet, and a descnption is given®® of 
a frame in which spmdles of this type are mounted on both sides in two tiers 
and are dnven by a contmuous belt For a frame of one hundred spindles 
the dimensions specified are, length 17 ft. 3 m., height 4 ft. 5 in , and the 
^svidth only 17J in. Each spindle has an automatic stop-motion which 
•operates if ihe creel tends to rotate or the yam breaks Durand's spindle is 
sho'vm m Fig, 15, The bar A of magnetic material is mounted as shown in 
xelation to the magnet B and its spherical ends are centred at pomt of oscilla¬ 
tion C of bobbin D so that the air gap between the bar and the magnet is 
unaffected by oscillation of the bobbm. The bobbm D is carried by tube E 
on the end of rotary flyer tube F, on a sphencal bearing Flyer G is pre¬ 
ferably made of insulating material such as vulcanised fibre. If for any 
reason the bobbin and bar rotate, the magnet B is released and in droppmg 
applies brake H to driving pulley I, at the same time releasing the tension 
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on ihe driving band and stopping the take-up rollers. To ensure more 
positive operation of the magnet when released the bar J is of magnetic 
matenal 



Fig 15- 
^Durand* 1927) 


A 

6 

B 
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Magnetic means with damping coils is the method specified to hold the 
package stationary in a spindle patented by the Atwood Machine Co.®® of 
the U S A. No information is forthcoming as to whether this spmdle has 
been developed further since 1940, the date of the patent, but the Saco- 
Lowell Shops, also of America, patented a spmdle with magnetic control 
in 1943,®* and considerable development is in progress, the latest version 
incorporates individual electric motor drive for each spmdle and attams 
spmdle speeds of 12,000 r p.m the magnetic arrangement breaking the 
motor circuit if the package earner turns This spmdle is illustrated in 
Fig 16 The package earner A is mounted on the ball beanngs B and is pre- 
\ented from rotating by the action of two diametrically opposed '' alnico 
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magnets Ci,C2 m the base of A, and two similar magnets C3,C4 mormted 
on the spmdle support Magnet C3 is pivoted on a gravity controlled trap 
door'" arrangement; if earner A turns by as much as 5® like poles of the 
magnets become opposed and magnet C3 is repelled, causmg a sprmg loaded 
brake to operate on the spmdle and simultaneously the drive to ihe spindle is 
stopped. The yam is drawn off from the package D, passes through nose 
piece E and tension device F down the hollow spindle G and emerges side¬ 
ways to pass upwards through flyer arm H to guide I. The tension device F 
which is used for rayon yams, consists of two flat plates pressed together 
hv an ad3ustable sprmg Spindle G is comparatively short and is made in 
one piece with the rotor of the individual driving motor, which is of the 
induction type rated at 40 watts, and runs at 12,000 r p.m. In operation 
the package is entirely enclosed by a domed cover which fits into ttie base 
of the package earner A, and prevents the ballooning thread from fouling 
the package. The main application of this spmdle is at present for con¬ 
tinuous filament rayon. 

Control by Eccentric Axes, etc. 

It is doubtful if the devices mentioned under this heading are of more 
than academic interest, and for that reason they wiU not be described at 
length, 

Dunn^»® besides using gear and fnction wheels for his sjiindle patented 
m 1861, invented an arrangement compnsing an oscillating catch and 
two stops, the catch was attached to the creel and operated by a cam 
centred on the spmdle As the spmdle revolved the catch was thrown into 
contact alternately with the opposed stops on each side of the spmdle, but 
always in the position opposite to the smgle sided flyer; thus the creel was 
at all times engaged with one of the stops to prevent rotation and the flyer 
revolved without interference In 1890 Golding^^ patented the idea of 
mounting the package carrier within a flyer earned by spindles with eccen¬ 
trically placed axes The same method was employed 34 years later by 
Leconte.-^ This spmdle (Fig. 17) consists of a frame A carrying the bobbm 
B, freely mounted on rotary shafts C,D mounted eccentrically to each other 
The shaft C is driven by a pulley E and rotates the shaft D through arms F 
connected by a thread, cord or wire G The small factional torques exerted 
by spindles C sind D tend to rotate frame A about different centres. This 
tendency is opposed by stresses in the frame which supply the restoring 
couple necessary to maintain the frame stationary. 

Other IVIethods of Inserting Multiple Twist 

Up to this point double-twist spmdles alone have been dealt with and 
although such mechanisms vary in constructional detail the basic principle 
is common to all types There are, however, other methods of inserting 
multiple twist which, whilst not conforming to the true double-twist pnn- 
ciple, may conveniently be considered very bnefly at this stage They may 
be classified as: — 

(a) "Double Motion'' Spmdles. 

Rotating Creel 
Double Motion Spindles 

With this type one or more rotatmg flyers or spindles is (or are) rotated 
bodily about a common axis. Saracco’s" patent of 1909 specified a multiple 
spindle for silk wherein the first twistmg, doubling and second twisting are 
combmed m a smgle operation Two bobbins B.Bi (Fig 18) are rotated 
around their own axis m a direction contrary to that m which they rotate 
^ common axis This is achieved by the casing C, which encloses the 
Dobbin gears DD„ bemg rotated by pulley E, while the central wheel F is 
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fixed to stationary shaft G, the gears DDi engaging the central gear F 
through earner irmions, which for clarity are not shown in the diagram. The 
yams are first twisted separately on their individual spindles, and then passed 
through eyes of flyer H by which they are doubled and twisted togetfer 



i 


Fig 17. 
(Leconte, 1924) 
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An early spindle of this type is one patented by Hird^ in 1878, A double 
motion is imparted to a spindle of the flyer category—one round its own 
axis and the other round a fixed axis about which the flyer is rotated bodily 
after the manner of a sun and planet gear tram The twist inserted is equal 
to the sum of these two motions Similar in design to Saracco's patent but 
with friction discs in place of gears is a spindle patented by Woosnam^® 
m 1913- 



Fig 18. 

(Saracco, 1909) 

In general, spindles of the double motion type are intricate and bulky; 
mdustnal application appears to be m the manufacture of ropes 
and hard-twisted cords. 


Rotating Creel 

of twister combines up- and down-twisting, for both supply 
packages are rotated. Two spindles are required per ”end'* 
s^ntUe speeds^^ ii^sertion corresponds to the sum of the individual 
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The pnnciple, which is qiute simple, is illustrated in Fig. 2 The creel 
package is placed on a revolving spindle A and the yam is drawn off over 
guide B by rollers C which in turn deliver the yarn to a further twisting 
spindle D It will be seen from the diagram that the spindles both rotate in 
the same direction, but owing to the disposition of the spindles the twists 
inserted m the yarn are additive. 
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This method of dual-twisting found early application in an invention by 
Murray^ (1879) wherein the yam drawn off two rotating supply spindles 
passes through rollers and is doubled together by a third spindle For a 
similar device Unsworth® uses flyer spindles, the supply spindles having 
an inverted flyer and the yam passing over a rubbing roller and through a 
water trough before receiving the final twist An example of the application 
of this system to a frame incorporating a nng spindle as the final doubler is 
given m an invention by Whyte^^ m 1904 and a similar arrangement was 
used by the firm Soie de Chatillon^® m 1927 This combination of up- 
twister and ring spindle has been applied more recently to the "Watson- 
Lister'* High Speed Twisting Frame®® and the Dual Twister®® of the Saco- 
Lowell Shops in the U S A Fig 19 illustrates the Watson-Lister machine 
The supply package A is placed on the upper creel spindle, the yam is drawn 
off by roller B and passes to a normal ring spindle C The rollers B are 
arranged with their axes pointing outwards to facilitate threading and each 
pair IS provided with a stop-motion The Saco-Lowell Twister is very similar 
but a trough is provided for wet doubling and twisting. 

Appendix 

The only information concerning the performance of double-twist spindles 
operating on the large scale under mill conditions relates to the Dunlop 
spindle (Fig. 8). This is based on data (kindly supplied by Mr. Langstreth 
of Messrs. Dunlop Cotton Mills) obtained from the running of over 5,000 
old ” type spindles for a period of over 60,000 hours and an approximately 
similar number of “ new type spindles runmng for over 40,000 hours. (The 
'*new" type spindle incorporates improvements in the design of spindle, 
pendulum and “tall hat“ bearings and means for preventing the accumula¬ 
tion of waste round that part of the spindle between the beanng and disc.) 
Maintenance and repair work consists chiefly of {a) lubrication of main 
bearings with grease after 1,200 lonning hours and lubrication of pendulum 
bearings with a mixture of sperm and spindle oils after 200 hours; (6) replace¬ 
ment of flannel drag washers every 1,600 hours, (c) replacement of worn 
spindle and pendulum bearings, the average life of a spindle of the new 
type being over 120,000 hours The lange of resultant yarn count handled is 
from 3s to 5s, but experimental doublings have been made on 40s/2 and 
403/2/2^ Twist multipliers used range from 4 to 14. The spindle package 
is a precision-wound cheese weighing approximately one pound, although a 
spindle is being developed to cany a much larger package The delivery 
package is a double-flanged bobbin contaimng lb of folded yam 

Claims are made for very high plant efficiency, full ultilisation of labour, 
and increased regulanty of product and production over the conventional 
ring doubler. 
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Dunlop Cotton MiUs, Ltd 
Andrew T E , Langstreth, M 
Banner, Maschinenfabnk, A -G 


Fener, B 

Bntish Celanese, Ltd. 

Pool, W 

99 

99 

Barmer Maschinenfabnk, A -G 


If 

It 


II 


*» 


Subject of Patent 
D.T. spindle 

II It 

D .T spindles and accessories 
D.T, unit 

It II 

Rotating creel 
D T spindle 


” Double-motion *’ unit 
DT unit 

“ Double-motion ” unit 
Double-motion spindle 
D T, spindle 

II 11 

Tensioning and bobbins 
D T. spindle 

99 99 

99 99 

Rotating creel 
DT spindle. Magnetically- 
held package 
Tensioning regulator 
DT spindie Magnetically- 
held package 

DT spmdle Creel held by 
gear tram 

n 

D T spmdle Electric stop- 
motion applied 
DT spindle 

Tensioning methods 
D T. umt for wire ropes and 
strands. Two concentnc 
flyers 

D.T spmdle Winding on 
to spmdle package 
Yam tensioning device 
Adaptation for fancy yarns 

Thread " storing device " 

99 19 ft 

Adaptation to take cops, etc 

Whorl and disc made in one 
piece 

Double-twisting frame 
(additional to 345,504) 

D T spmdle Creel held by 
friction rollers 
Two threads off one package 
Adaptation for fancy yarns 
Disc replaced by dome 
Guiding element fixed to 
bobbm earner 
Stormg-nng extended 
Extended msert for larger 
bobbins 

Weight modifications 


Spmdle adapted to carry 
two or more bobbins 


Year 

1885 

1886 

1890 

1898 

1903 

1904 
1904 

1907 

1909 

1912 

1913 

1914 
1924 

1926 

1926 

1926 

1927 

1927 

1927 

1927 

1927 

1927 

1928 

1928 

1929 
1929 

1929 

1929 

1930 


1929 
1931 

193*^ 

1931 , 
1931 1 

1930 1 

1931 

1931 

1931 

1930 

1930 

1930 

1931 

1932 

1932 

1932 

1932 

1932 

1932 
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Ref, 

No 


E.P. 


p 


”/ 

60^ 


381.885 

382,179 

388,078 

388.406 

388.407 


61 400,867 

62 404,168 


63 404.915 

64 406,801 

65 406,806 

66 415.635 

67 420,058 

68 424,278 


69 427.240 

70 430.537 

71 432.170 

72 443.352 

73 472.998 

74 490,998 

75 492.338 

76 494.753 

77 498.693 

78 499.624 

79 503.345 
So 572,026 


Patentee 

Banner Maschmenfabnk, A -G. 
British Celanese Ltd 


.. 

Banner Maschinenfabnk, A -G 
Soc Italiana Pirelli 


Soc Textile Twistock 


Soc Italiana Pirelli 
Banner Maschinenfabnk, A -G 
Bntish Celanese Ltd 
Pool, W 

Banner Maschmenfabnk, A -G 


f I 
9f 
$S 


99 


Comptoir de Materiel Textile 
Dunlop Cotton Mills, Ltd 
Langstreth, M , andTownson, F. R 
Kent, F J 

Barmer Maschmenfabnk, A -G 
United States Rubber Co 


Subject of Patent Year 

Guard disc modifications 1932 

Weight modification 1932 

Yam tensioning device 1931 

Combined tvnster and 1931 

warper 

Combined twister and 1931 

winder 

Double-twistmg frame 1933 

DT spindle, and unit of 1933 
three 

Multiple double-twist unit 1933 

D T spmdles with electnc 1932 
stop arrangements 

., 1932 

Light flyer device 1933 

Spool holder for cops 1934 

Modified friction roller 1933 

arrangement 

Thread clearer 1934 

Yam guide 1934 

Spindle modifications 1935 

Spherical yam guide 1935 


Method of mounting spmdle 1936 
and dnving arrangement 
Arrangement for drawing 1938 
off and winding 

Arrangement to facihtate 1938 
threading 


Double-twistmg frame 1937 

D T spmdle 1937 

D T spindle with electric 1938 

motor dnve 

Thread engaging device 1938 

D T spmdle, used for fold- 1945 

mg yarns 


Foreign Patents 
Ref 


No 

Patent No. 

Patentee 

Subject of Patent 

Year 

Si 

DRP 577,911 

Meyer, A 

D T spmdle 

1931 

82 

DRP 594.459 

Barmer 

Maschmenfabnc, A -G 

Sizing or wetting device 

1932 

83 

U S P 2,233,645 

Atwood Machine Co 

DT spindle 

1940 

84 

U S P 2,374,085 

Saco-Lowell Shops 
Gwaltney and Marsh 

DT spindle Magnetically 
held package 

1943 

85 

U S P 2,379.806 

Kent, F J 

DT spindle 

1944 

86 

Brevet fran9ais 
913.970 

Societe Rhodiac6ta 

D T spmdle Package 
rotated 

1946 

P) 
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17 —THE TESTING OF SIZES FOR CONTINUOUS 
FILAMENT YARNS OF HIGH FILAMENT STRENGTH 

By E. Bradbury 

{CopyngfU by tfie Textile In'Miiie ) 


SUMMARY 

Two rapid small-scale methods are described for assessing the weavabihty of sized 
continuous filament yarns of high filament strength, such as nylon The Tape Weava- 
bility Test is an accelerated wea\ mg test on narrow warps, m which potential sources of 
weaving troubles are created in a more frequent and regulai manner than would obtain 
in a normal warp, by cutting single filaments on one or more threads at the back rest of 
the loom The ability of the sizing treatment to prevent cut filaments from causing 
trouble (such as thread breakage or further filament breakage) is closely related to its 
function m normal weaving The Single-thread Filamenting Test measures the tendency 
of a cut filament to peel away from the parent yarn under the influence of bending and 
rubbing against suitable surfaces, and provides an index of one of the most important 
aspects of the weaving behaviour of yams of high filament strength The test is best used 
as a rapid sorting test to weed out unsuitable sizes, as a preliminary to the more thoiough 
examination of the more promising sizes by the Tape Weavabihty Test 

INTRODUCTION 

In the investigation of the effect of warp sizes on the weaving behaviour 
of continuous filament yarns the direct method of the full-scale sizing and 
weaving tnal is usually adopted Whatever the advantages of this method it 
has the senous drawback that it is expensive in material and time, and is 
therefore unsuitable when the weaving possibilities of a large number of sizes 
have to be examined Where synthetic yams of high filament strength, such 
as nylon, are concerned, the Tape Weavabihty Test and the Single-thread 
Filamenting Test are more rapid and economical means of roughly assessing 
weavabihty and have proved of value as sorting tests in the investigation of 
sizes for these yams 

The Tape Weavabihty Test is an accelerated weaving test making use of 
narrow warps hvo mches wide, and is closely related in nature to weavmg 
under normal conditions The Single-thread Filamenting Test, as the name 
implies, involves the testing of single threads, and is even more rapid and 
economical m material than the previous test It is concerned with only one 
of the many factors involved m the weaving process, but in the weaving of 
yams of high filament strength this factor is usually the predominant one, 
and when this is so, the test apparently provides a rough index of the 
weavability of such yarns Its more general apphcation is as a sorting test 
to weed out unsuitable sizes, since it is a more reliable index of bad than of 
good weaving Any size mixture giving good results on the Filamenting 
Test IS then tested more thoroughly by the Tape Weavabihty Test and, if still 
satisfactory, is given a full-scale sizing and weaving trial. The application 
of these tests to yams of lower filament strength (e g viscose and cellulose 
acetate yams) has not been thoroughly explored, but it is evident that their 
interpretation in terms of weaving behaviour will be more complex than with 
the stronger filament yarns 

In the following sections the defects associated with filament breakage 
that occur in the weavmg of a w^arp are first descnbed, and descriptions of 
the two tests are then given, followed by some evidence of the validity of the 
results of these tests as indexes of the weaving behaviour of vams of high 
filament strength. 
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Figs. 1-5 


Fig I, Broken filaments peeling away from the parent yarns between lease rods and 
healds. 

Fig. 2 Threads partially cut through by broken filaments on adjacent yarns. 

Fig, 3* Complex entanglement formed by broken filaments between lease rods and 
healds. 

Fig 4 " Beads formed on two threads between healds and reed. 

Fig, 5 Broken filament peeling from parent thread and forming a bead ** locking 
together two adjacent threads behind the healds 
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FILAMENT BREAKAGE IN THE WEAVING OF CONTINUOUS FILAMENT 

YARN 

In the weaving of yams with comparative^ strong filaments such as 
nylon, observation suggests that a large proportion of the warp troubles 
arise from filaments broken in previous processing. Some of these are seen 
as entangled masses on the yam as it comes up from the beam, but others 
are not always so easily visible, and their presence is detectable only when 
they pass the lease rods and reach the region where the threads are crossing 
to form the back shed As the broken filament weaves up from the beam its 
behaviour depends to a marked degree on the type and amount of size on 
the warp. If the filaments are only weakly bound together by the size, the 
broken filament may begin to peel away from the parent yam in the region 
between lease rods and healds (Fig i). If the size is "strong*' enough to 
prevent the filament peehng betund the healds it may fail in the healds, or 
in the reed where the abrasive action is more severe, or peeling may be 
prevented entirely and the filament may weave into the cloth without causing 
trouble 

The effect of the peeling filament on adjacent threads agam depends on 
the sizing treatment If the size is deficient in lubricant, broken filaments 
projectmg from the thread show a marked tendency to cut adjacent threads 
m the region of the shed. The effect is a remarkable one, and looks as if a 
sharp razor had been dravm across the thread opposite to the broken filament 
(Fig. 2). The incidence of this type of damage can be considerably reduced 
by the presence of a suitable lubricant in the size, but even so the broken 
filament can form a more or less complex entanglement depending on the 
ease of peeling (Fig. 3), and can cause breakage of other filaments and yams 
by this means, although weaving may go on for some time before breakage 
actually occurs This type of damage occurs with and without lubricant 
but IS reduced when a suitable lubricant is present If the broken filament 
becomes entangled with adjacent threads between healds and fell, floats m 
the cloth are commonly caused. Sometimes the entanglem^t is only tem¬ 
porary and no breakage of other filaments occurs, but the effect is undesirable 
nevertheless, as floats are considered senous cloth defects. With some sizes 
broken filaments show a tendency to form " beads ” either behind the healds 
or behind the reed (Fig. 4). If die bead forms on the parent thread only, it 
may continue to build up indefimtely until it is removed or it may weave 
through into the cloth. The bead sometimes forms round the parent and one 
or more adjacent threads, or round threads adjacent to the parent thread 
(Fig 5). It may lock them firmly together, and continue to build up until 
the threads are broken 

Another possible defect associated with the warp is the deposition of size 
from the warp on the various parts of the loom This may or may not be 
senous, depending on the nature, amount and location of the deposit; a 
hard or sticky deposit m the reed may eventually cause filament breakage if 
it builds up sufficiently, but a light dry size dust in the healds and reed may 
do no harm. 

It is evident that with strong filament yams it is of the first importance 
to prevent any broken filament from peelmg away from the parent yam, and 
a suitable size for such a yam must at least perform this function. In 
addition the size should, either by suitable lubncation or otherwise, protect 
a yam against damage by broken filaments or by contact with the parts of 
the loom. 

In the weaving of continuous filament yams of lower filament strength, 
such as viscose and cellulose acetate yams, the issue is more complex. 
Whereas with the t5^es of yam discussed above, a peehng filament is an 
almost certain source of trouble necessitating attention by the weaver, with 
acetate yam m particular it may not be so because the filament may break 
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off before it damages adjacent yams. A badly filamented patch in a suitably 
sized acetate waip may clear itself without attention from the weaver through 
the filaments breaking off, but a similar patch on a nylon warp would become 
rapidly worse if weaving continued. 

THE TAPE WEAVABILITY TEST 

This test is a small-scale weaving test in which one or more filaments are 
purposely cut on Ihe warp at the back rest of the loom in order to provide 
potential sources of trouble in a more frequent and controlled manner than 
would normally occur in a sized continuous filament warp. As the cut 
filaments weave through to the front of the loom, observations are made of 
their behaviour and their effect on adjacent yams and filaments. Experi¬ 
mental details are given below. 

Warps are sized on a small-scale cylinder sizmg machine with the mixings 
it is required to compare and wound on to flanged beams two inches wide. 
The warp length is usually about 50 yd. and the number of ends such as to 
give a width in the reed of about i| inches for the partcular cloth under 
mvestgation. About mne such warps, individually tensioned, are mounted 
side by side in a full-scale loom with a special selvedge warp (usually cotton) 
in the outer position at each side. All warps are woven with a common weft 
which is allowed to form floats between the warps from the several beams. 

After carefully examinmg the length of waip in the loom to ensure that it 
IS free from broken filaments, single fflaments are cut on each of three threads 
equally spaced m each warp The threads carrying the cut filaments are 
marked with ink about 12 mches behind the back rest and another mark on 
the edge of the warp opposite the cut filament indicates its position along the 
length. The cutting of the filament is done by a pair of suitably modified 
scissors. One of the blades, containing a fine not^, is drawn transversely 
across the thread until a single filament is held by the notch away from the 
parent thread, and the filament is then cut by bringmg the other blade across. 
If the filaments are cemented together very firmly by the size a localised 
rubbing with a suitable smooth instrument may be necessary to break down 
the size film and enable a filament to be isolated. It may also be necessary to 
use a fine dissecting needle under a magnifying glass to secure the separation 
of the filament before cutting. 

As the cut filaments weave through the loom they may cause trouble of 
vanous kinds which is carefully recorded at the time and classified as follows: 

(1) Actual or potential break. These include breaks in the parent or adjacent 
threads, and filamenting of parent or adjacent threads of such a nature 
that (at her own discretion) the weaver is obliged to cut out to avoid 
further trouble. Any of the occurrences shown m Figs, i, 2, 3 or 5 
would be classed as a potential break, 

(2) Floats, 

(3) Residual filamenting. When the position of the original cut filament has 
woven 10 inches beyond the fell of the cloth the warps are careMy 
exammed from fell to back-rest for any broken filaments remaining on 
the threads. 

Residual filamenting is senous or not depending on whether it is likely to 
cause trouble in further weaving A reliable decision on this point can only 
be made after some experience of the weaving of the type of yam under 
examination, and standards may vary from one type of yarn to another. 
For nylon the residual filamenting is considered serious if it includes beads or 
entanglements, or if more than one thread is filamented, or if any projecting 
filament is greater than one inch in length 

After the test is fimshed any warps containmg residual filaments are 
drawn through the loom until a clean filament-free length is available for the 
next test, when the above procedure is repeated. Ten or more tests are done 
on each warp, and for each warp the number of "trouble free" tests 
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expressed as a percentage of the total number of tests is called the ''Tape 
WeavabilityA "trouble-free'" test is defined as one in which neither 
actual nor potential breaks, floats, nor senous residual filamenting occur. 
With this method of expression of weaving behaviour a high value (e.g. a 
Tape Weavability value of 100 per cent.) indicates good weaving, in contra¬ 
distinction to the more usual method of expression in terms of a warp 
breakage rate. 

In order to compare warps of very high or of very low values of Tape 
Weavability it may be necessary to alter the stnngency of the test. As an 
example, a number of warps may have zero Tape Weavability under the 
above conditions, and in order to establish differences between them it would 
be necessary to make the test less severe. The stnngency of the test can be 
altered either by cutting more or fewer filaments, by suitably adjusting the 
standards of tolerance in the definition of " senous trouble ", or by increas¬ 
ing or reducing the picks per inch in the cloth. If the object of the experi¬ 
ment is to investigate sizes for a particular cloth, the last mentioned 
alternative is obviously the least desirable. 

In addition to the filamenting and breakage of warp threads, any other 
features of interest are noted, in particular the deposition of size on the parts 
of the loom. 

As with other weaving tests it is inadvisable to judge the behaviour of 
any size mixing from its performance on a smgle waip, and at least two 
warps should be examined, preferably from different preparations of 
nominally the same mixing. 

THE SINGLE-THREAD FILAMENTING TEST 

It has been stated that, with yams of high filament streng&, a peelmg 
filament is an almost certam source of trouble in the loom necessitatmg atten¬ 
tion by the weaver If the tendency of broken filaments to peel were the 
only factor involved in the occurrence of trouble, then a numerical measure 
of this property might be expected to correlate directly with the number of 
occasions of trouble dunng the weaving of a warp. It is highly probable, 
however, that other factors are involved that influence the frequency of 
occurrence of trouble, in addition to any effect they may have on Ae nature 
of the trouble As an example, a short projecting filament deficient in 
lubncant may cut adjacent threads, whereas one of the same length suitably 
lubncated may cause no trouble The influence of these other factors on the 
frequency of occurrence of trouble would be expected to be important only 
when the tendency to peel is small, since a yam that peels easily will give 
trouble m any event. In the mvestigation of sizes for a particular yam a 
measure of the tendency to peel would thus be of value as a means of weeding 
out unsuitable sizes, a value indicating a high tendency to peel would be a 
reasonably certain mdication of bad weaving, although a low tendency to 
peel would not necessanly indicate good weaving, and would involve further 
trials using the more comprehensive Tape Weavability Test 

The Single-thread Filamenting Test is mtended as a rapid means of 
measuring fie tendency of a cut filament to peel away from the parent yam 
under the influence of mbbmg and bending forces. The forces causing the 
filament to peel in the loom could only be reproduced by a system similar to 
the loom set-up, and in a test making use of any simpler arrangement there 
13 a danger that the "peeling forces" in the test may not be sufficiently 
closely related to those m the loom to give results of value as an mdex of 
weaving behaviour Although the conditions in the test descnbed below 
have been chosen in an arbitrary manner, and there is no reason to suppose 
they are the best possible for the purpose, evidence is given later to show 
that the test is a reasonably good mdex of those aspects of weaving 
beha\nour that depend on filament peeling in the loom. 
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The apparatus is illustrated diagrammatically in Fig, 6, Ten threads 
are tested side by side but the diagram is a side view and shows the set-up 
for a single thread. 

A movable carriage A, to which one end of the thread under test T is 
attached by means of a screw gnp H, is driven backwards and forwards m 
n horizontd plane by means of the connecting-rod fixed to the wheel B of 
2 inches effective radius making 80 revolutions per minute. The thread 
under test passes over stainless steel guide rods of J inch diameter and 
through a needle puncture in a thin rubber sheet E placed in a vertical 
position between them. The thread is weighted by a total load of 18 gm., 



Fig 6 Fig 7 


and this includes a device involving the use of two supporting strings 
operating in glass tubing gmdes F to prevent the thread untwisting. The 
rubber sheet E is 0-25 mm. thick and is bought as Denial Rubber Dam 
It is cut m the shape of a disc‘with a hole in the centre and held in position 
by clamping between the rotatable brass disc G and the brass strip J (see 

7) 

When the test is m progress the -l-mch hole near the penphery of the 
brass disc G is always superimposed on that of similar dimensions in the 
brass stnp J so that a circle of rubber of ^ inch diameter is left exposed on 
both faces The centre of this circle is m hne with the upper surface of the 
guide rods C and D Similarly it is m line m a vertical plane with the screw 
grip H and the upper hook on the weighting attachment This ensures that 
the tendency of die thread to enlarge the needle puncture m the rubber is at 
a minimum. 








T 305 


Yaius of High Filament SUengfh—Bradbury 


In threading up the machine a sharp needle (of o 7 nom. diameter just 
l)elow the eye) canning the thread is passed through the centre of the 
exposed circle of rubber and the thread is pulled through and attached to 
grip H. 

With the connecting-rod at back-centre a smgle filament is cut in the 
thread at the position X f inch behind the rod C. The cut filament is then 
peeled back until its point of junction with the parent yam is immediately 
above the rod C, and the projecting part tnmmed to a length of J inch. 
Ten threads are treated side by side on the machine in this manner. The 
machme is then run for a predetermmed number of revolutions of the wheel 
E and is stopped with the connecting-rod at back-centre. The threads are 
then carefully examined, and notes made of the number of threads where 
the cut filament has either broken off, or peeled away from the parent yam 
for a distance of 2 inches, so that it is held up by the rubber sheet. Some¬ 
times the cut filament forms a little ball or bead on the yam behmd the 
rubber sheet and the presence of these is noted The machme is then run 
for a further period, the threads are re-examined and so on, until all the 
threads have suffered either filament breakage or peeling over a distance of 
2 inches 

The method of selecting and cutting the single filament is as described 
for the "Tape Weavability " test, and whatever the method used, the fila¬ 
ment IS peeled back to the '' zero " position C out of range of the length of 
yam disturbed by the selection and cutting procedure 

Of the yarns tested in this way only cellulose acetate and viscose have 
shown filament breakage in addition to filament peeling and these will not 
be considered further in this paper. Where filament peeling only takes 
place the results are grouped in the form of a frequency distribution with the 
loganthm of the number of rubs”^ as the vanate. The mean value of log 
rubs required to cause filament peeling over a length of 2 inches is calculated 
and referred to as the " Resistance to Filamenting As an illustration, the 
results obtained on a sample of 50 nylon threads are given in Table I. The 
machine was stopped for examination of the threads after 25, 50, 100 rubs 
and so on, until all the threads had peeled. The raw data are tabulated m 
the first two columns. It is obvious from the data that a frequency distnbu- 
tion of peeled threads with the number of rubs as vanate is not symmetrical. 
Accordmgly, if the mean number of rubs required to cause peeling were 
used as a measure of the Resistance to Filamenting it would be affected 
unduly by the relatively small number of extremely high values of rubs. 
However, if the logarithm of the number of rubs is taken as the vanate 
(column 3) the frequency distribution is then approximately normal and the 
mean log. rubs is probably the best single estimate of Resistance to Fila¬ 
menting This is calculated in the usual manner as shown m the Table 

Table I. 

Filamenting Test on 50 Nylon Threads. 


(1) 

(2) 

1 (3) 

(4) 

(5) 

Number 

Number of threads 


jMean values 


of 

peeling within 

Logarithm 

of log rubs 

(2) \ (4) 

rubs 

these limits 

1 of rubs 

from (3) 


25- 50 1 

2 

1 1*40-170 

155 1 

3*1 

50- 100 

14 

, 1*70-2 00 

1 85 

25 9 

100 - 200 

14 

1 2 00-2*30 

2 lo 

30*1 

200 - 400 I 

16 

2 30-2 60 

2 45 ! 

1 39 2 

400- 800 

3 

2 60-2 90 

2 75 

1 S*2 

800-1600 

1 

I 2 90-3*20 

3 0.7 

1 30 

Total 

1 50 


1 109-5 


Resistance to Filamenting = 


109 o 
50 


= 2 10 


One revolution of the iiheel B is leferred to as one rub 
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When the cut filament forms a bead on the yam this does not affect the 
expression of the results in terms of Resistance to Filamentmg smce the 
filament is still present on the yam and in the absence of other evidence the 
position of &e bead is taken as mdicating the point of junction of the cut 
filament with the parent yam. The number of threads in which beads 
occur, expressed as a percentage of the total tested, is referred to as "Per¬ 
centage Beading”. This value provides some mformahon of the nature of 
the troubles likely to be encountered in weaving 

Effect of Conditions of Testing 

Before the conditions of testing descnbed above were decided upon the 
effect of vatying some of the conditions was investigated. 

Resistance to Filamenting falls as the weighting on the yam is increased 
as is shown by the figures for a sized nylon yam in Table II. 

Table 11 

Effect of Thread Weighting on Resistance to Filamenting 
[Yam 45-den nylon, sized.] 


Weight (gm) 

18 1 

30 

40 

50 

Resistance to filamenting 

2 18 

2 00 

1*87 

1 74 


The weight of i8 gm. was finally chosen for the test as being about the 
minimum that could be used to ensure smooth passage (i.e. without jerking) 
of the thread through the rubber sheet when the weight was moving down¬ 
wards, and having also in mind the object of making the tests reasonably 
sensitive in order to cater for sizes of low '' binding power 

Although no investigation of the effect of the diameter of the guide rods 
has been made with the existing set-up there is no doubt that they will have 
some effect, since when yams were rubbed directly over glass rods of 
different diameters (i.e. in the absence of the rubber sheet) the Resistance to 
Filamenting increased with the diameter of the rod. 

The effect was investigated of varying the diameter of the needle used to 
puncture the rubber sheet, and also of varying the thickness of the rubber. 
The results are given in Table III. 

Table III 

Effect of Needle Diameter and Thickness of Rubber on Resistance to 

Filamenting. 

[Yarn 45-deii nylon, sized ] 


Thickness 
of rubber 
sheet (mm) 

Dial 

meter of needle (mi 

n) 

1*13 

0-93 

0 67 

1 

0 42 

0 25 

0 50 

0 75 

1 88 

1-42 

0-82 

0 82 

1 80 
134 

1 77 
126 

0 65 


The effect of varying the thickness of the rubber sheet is considerable, 
Resistance to Filamenting fallmg with increasing thickness of rubber, but 
the effect of varying needle diameter is comparatively small It was thought 
that more accurate means of makmg a hole of standard size and shape in 
the sheet might have to be devised, but since the effect of vaiymg needle 
diameter is small, this is considered unnecessary and a simple puncture with 
a sharp needle is good enough A needle of approximate diameter o*7 mm. 
was chosen as standard on the grounds of convenience, and the thinnest 
rubber in order to give the test the maximum sensitivity. 

The fi^es in Tables II and III are based on 50 single-thread tests under 
each condition and the general uniformity of the trends is sufficient evidence 
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that reproducibility of results is good. If fairly large differences axe being 
looked for in the evaluation of sizes, significant differences may be obtained 
on fewer measurements—say 10 or 2,0 per sample. 



TAPE WEAVABILITY 
Fig 8 

THE VALIDITY OF THE TESTS AS A GUIDE TO WEAVABILITY 
The chief evidence that the Tape Weavabihty Test is a reliable guide to 
large-scale weaving behaviour for strong filament yams is that size mixings 
developed by its use have been found to behave as expected when used on 
the large scale. The only available data giving a direct comparison between 
Tape Weavability and large-scale weavability are given m Table IV and 
plotted in Fig. 8 The breakage rate in large-scale weaving is given as the 
number of occurrences of actual or potential breakage per 10,000 picks, it 
takes no account of the number of threads involved in a single occurrence 
of breakage. 

Table IV 

Tape Weavability and Warp Breaks in Normal Weaving. 

[Cloth 120 ends per inch x 110 picks per inch, 4 o-den nylon warp and 'v\eft] 


Warp No 

! Size mixing 

% Size 
on yarn 

1 

Tape weavability 
(per cent) I 

Actual or 
potential breaks 
per 10,000 picks 

NY 2 SB 

A 

43 

50 

40 

NY 28 A 

A 1 

60 ! 

83 

18 

NY 29 B 

B 

56 

50 

30 

NY 26 C 

C 

58 

S 3 

25 

NY 26 D ' 

D 

73 

83 

22 

NY 31 

E 

6 5 

75 

23 

NY 30 

F 

7 6 

25 

38 


Taking into consideration the fact that none of the large-scale waips 
exceeded 50 yd in length and that the breakage rates quoted cannot there¬ 
fore be very accurate, the degree of correlation is fairly good 

The Tape Weavability Test may not always give a sufficiently reliable 
estimate of the tendency of a size mixing to foul the loom since the length 
woven IS too short In large-scale weavmg it has been found that a size 
deposit on the reed, for example, may build up slowly for a time until it 
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reaches a condition of equilibrium beyond which no further apparent addi- 
hon occurs and no damage is done to the yam, whereas in the early stagea 
the deposit may have looked serious. 

For reasons already given the Filamentmg Test on strong-filament yams 
might be expected to correlate directly either with the Tape Weavability 
Test or with the breakage rate in normal weaving expressed as the number 
of occurrences of actual or potential breakage per 10,000 picks, only if the 
other factors influencing the frequency of occurrence of trouble either 
remained approximately constant or varied in close relation with the 
Resistance to Filamentmg. Tables V to VII give results for three sets of 
waips, involving a fair range of types of size, where this condition was 
apparently realised, since good correlations were obtained. From this and 
other evidence it is inferred that the test is a good index of weavmg behaviour 
for most of the sizes likely to be used. However, m a fourth set some warps 
contaimng a size of very tacky nature wove badly in the Tape Weavabihty 
Test, although Resistance to Filamenting was high, and it was evident that 
the Filamenting Test could not be regarded as a imiversal index of good 
weaving behaviour for all possible types of size. There was much cutting 
of adjacent threads by the short projecting filaments, suggesting that factors 
other than the tendency to peel were influencing the frequency of the occur¬ 
rence of trouble. On the other hand, neither in this nor in any other set 
have warps m which Resistance to Filamenting was low woven well. 

Tables V and VI give results for experiments involving a number of sizmg 
treatments on synthetic yams X and Y, respectively, in which both Tape 
Weavabihty and Resistance to Filamentmg were measured. Filament denier 
and strength in grams per denier were, respectively, 2-5 and 3*3 for yam 
X, and 2*5 and 4-9 for yam Y. 


Table V 

Resistance to Filamenting and Tape Weavability 


[Yarn 100-den. Synthetic X ] 


Warp No. 

Size mixing 

% Size 
on yarn 

Resistance to 
Filamenting 
(log. rubs) 

Tape 

Weavabihty 
(per cent)' 

NT516 

G 

57 

1*60 

100 

NT517 

G 

39 

1*40 

50 

NT518 

G 

21 

1-00 

0 

NT519 

H 

45 

1-56 

80 

NT 520 

I 

26 1 

1*23 

30 


Table VI 

Resistance to Filamenting and Tape Weavability. 


[Yarn * 100-den. Synthetic Y ] 


Warp No 

Size mixing 

% Size 
on yarn 

Resistance to 
Filamentmg 
(log rubs) 

Tape 

Weavgubility 
(per cent) 

NT666 

J 

14 3 

2 00 

58 

NT667 

J 

14 9 

212 

58 

NT668 

J I 

12-5 

2*37 

83 

NT659 

K 

13*0 

2 38 

83 

NT560 . 

L 

7-8 

1 60 

0 

NT561 . 

M 

12-0 

2*03 

67 

NT562 . 

N 

12-4 

2 53 

83 

NT563 . 

N 

11*6 

2 26 

83 


Tape Weavabihty is plotted against Resistance to Filamenting for both 
' sets in Fig. 9, and it is evident that a high degree of correlation exists 
between the two sets of figures Fig. 9 also illustrates the point that a par¬ 
ticular value of Resistance of Filamenting may indicate good weaving on 
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one type of yam and bad weaving on another, so that a relationship can be 
expected only from data obtained on the same type of yam w^eaving under 
the same conditions in the same cloth In starting any sizing investigation 
on a particular yam and cloth, therefore, it will be desirable to find by 
wea\ang experiments the approximate level of Resistance to Filamenting 
required for good weaving. 



RESISTANCE TO FILAMENTING (LOG RUBS) 
Fig 9 



0-8 10 12 14 16 18 

RESISTANCE TO FILAMENTING (lOSRUBS) 


Fig. 10 


Table VII gives results for an experiment mvolving the use of a number 
of sizing treatments on a badly filamented sample of synthetic yam Y. The 
yam already contained too many broken filaments for the Tape Weavabilily 
Test so an attempt was made to weave the narrow warps in the normal 
manner, and to record the number of occurrences of actual or potential 
breakage per io,ooo picks. In view of the badly filamented nature of the 
yam, and the general unsuitability of the sizes, a substantial breakage rate 
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was obtained even on these small-scale warps. The rate is plotted against 
Resistance to Filamenting m Fig lo, and again the degree of correlation 
IS good 

Table VII 

Resistance to Filamenting and Warp Breaks in Normal Weaving. 

[Yam . 100-den. Synthetic Y ] 


Waip No 

Size mixing 

% Size 
on yarn 

Resistance to 
Filamenting 
(log rubs) 

Actual or 
potential breaks 
per 10,000 picks 

NT550 

O 

8-5 

1-78 

3 

NT561 . 

P 

10 4 

1-21 

20 

NT562 

Q 

5*2 

1*40 

14 

NT653 

Q 

44 

0*86 

Unweavable, 
worse than NT665 

NT564 . 

R 1 

99 

1*28 

21 

NT656 

s 

121 

0-94 

Unweavable 


CONCLUSIONS 

To sum up, it can be said that, on the evidence available, the Tape 
Weavability Test is a reliable index of the weaving behaviour of yams of 
high filament strength such as nylon. The Single-thread Filamenting Test 
has proved a good index of weaving behaviour for most of the sizes examined 
covering a fair range of types, but is not an infallible index for all possible 
sizes. The evidence available suggests that a low value of Resistance to 
Filamenting is a reliable indication of poor weaving quality, but a Mgh 
value does not necessarily indicate good weaving, and the test is best used as 
a rapid sorting test to weed out unsuitable sizes. 
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ABSTRACT 

Initial assumptions are made concerning the resistance of a yarn of one type of 
fibre, the application of the parallel law of resistance to yams of two types of fibres, 
and the relation between the mdividual and total moisture contents From these 
assumptions equations are derived which relate the resistance of a yarn of known 
amounts of two types of fibre to its total moisture content and to the properties of 
3’anis made from the pure fibres. Experiments axe described in which the resistances 
of yams of cotton, viscose staple and wool and of yams contammg various proportions 
of cotton mixed with one of the other two fibres, are measured Reference is made to 
the effect on the resistance of the t37pe of the electrode system, the voltage, and the 
method of mixing the fibres m th& yarn. It is shown that there is good agreement 
between the theoretical equations and the expenmental results The relation between 
resistance and relative humidity of the yarn is considered. A general equation for the 
resistance of a yam of any number of types of fibre is given. Apphcations of the 
results to the Shirley Electrical Hygrometer and the Shirley Moisture Meter are discussed 
bnefly. In an appendix, experiments to measure the resistance of viscose staple yams 
and cotton yams are descnbed and an explanation is given of an apparent discrepancy 
between results m the present paper and those found in previous experiments. 

INTRODUCTION 

The Shirley Moisture Meter and the Shirley Electrical Hygrometer are 
instruments which have been designed by the Bntish Cotton Industry 
Research Association to utilize the electrical resistance of textile materials 
as a measure of their moisture condition. The Moisture Meter has been 
descnbed elsewhere^; the Hygrometer is similar in principle but the circuit 
has been arranged to cover a wider range of resistances m a large number of 
steps differmg by only small amounts in the values of resistance which give a 
mid-scale readmg on the milliammeter. 

The Hygrometer was originally designed for use with running cotton 
warps after pure sizmg at the tape-frame. The resistance of a length of 
warp is measured by means of smtabiy spaced electrodes. The foUowmg 
relation between the resistance and the equilibnum humidity of the yam 
was found to hold:— 

log R = 8-1 - log — - o*o7i5fr 

where R is the resistance in megohms, L is the length in inches, E is the 
number of ends, N is the count and H the percentage relative humidity. 
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The dial of the instrument is calibrated in Relative Humidity, and a calibra-> 
tion table is issued showing which resistance range should be used for any 
value of the warp-factor EjN, L being a constant for any one machine. The 
Hygrometer has since been applied to other materials and other drying 
machines and may indicate the moisture condition in terms of either 
equilibrium humidity, regain, or some convenient arbitrary standard. The 
Moisture Meter, onglnally designed for raw’ cotton or grey cotton yam, can 
now be used to measure the moisture regain or moisture content of many 
textile matenals in various forms such as cops, bobbins, beams and bunies of 
cloth. 

Up to now the measurements made by both these mstruments have, in 
general, been confined to materials consisting of one type of fibre only. In 
view of the increasmg tendency to mix different kinds of fibres either by 
doubling of yams or by mixing earlier in the spinning process, it was felt 
that there was a need to adapt these mstruments to measure the moisture 
condition of mixed fibres. The mvestigation described in the present paper 
was earned out to see if any simple relation existed between the properties 
of a mixed yam and those of its pure constituents. The knowledge of such 
a relation would make it unnecessary to calibrate the instruments empirically 
for every mixture on which they might be used. 

The paper opens with the deduction of equations for the electncal 
resistance of a yam of mixed fibres based on simple physical conceptions. 
The equation used for the resistance of a pure yam is of the form given by 
Murphy and Walker ® Walker has since pointed ouU'® that, at very high 
or very low humidities, the equations which fit the experimental results are 
different. The present investigation has been hmited to the middle range of 
humidities and it is shown that, within the limits of accuracy expected of the 
mstruments, it is possible to apply the theoretically deduced equations. The 
paper concludes with an account of some practical appheations of the results 
of the mvestigation 

During the course of the experiments some apparently anomalous results 
were obtained for the electncal resistance of viscose staple yarn A descrip¬ 
tion of further experiments and an explanation of the apparent anomaly are 
given in an appendix to the paper. 


DERIVATION OF EQUATIONS TO BE TESTED 
An equation, which was to he tested by expenment and which related 
the resistance of a yam made of two types of fibre to its moisture content, was 
derived from the foUowmg imtial assumptions — 

[a) For a pure yam, an expression given by Murphy and Walker,^ 

logR= -wlogM+log .(i) 

or, in another form, .(la) 

where R is the resistance in megohms using a particular electrode 
system, M is the moisture content of the yam 

, weight of moisture x , , 

(i.e., —rrr~^ ; —-r x 3:oo) and and are constants. 

weight of undned sample 

Smee two types of fibre are bemg considered, let % and and Rg 

Mg, «2 an<i pure yams of fibres i and 2 respectively; let and, 

Mm refer to yam contammg a fraction a of fibre i and a fraction h of fibre 2. 

( 5 ) The parallel law of resistance 


a b 


Em Ri R% 

(c) An additive law of moisture content. 


.(2) 




. .( 3 ) 
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In addition, when the two types of fibre have come into equilibrium in a 
particular way at a particular relative humidity, we define a^for those condi-* 
tions of equihbnum and R H , as 

°~M, .W' 

In practice only samples which had come into equihbnum by absorption 
were tested. 

From (la) and (2), 


I aMj^ b{aMxYh 

■■ icr 


I a / il^m \ I ^ 

-Riu “f’®'^/ 


. from (4) 


since from 


(3) and (4) we have 

By taking loganthms we obtain the general equation — 

losR.—.( 5 > 

Two special cases of this equation are of interest m the present investiga¬ 
tion. 

(A) If an increase of the moisture content by a certain factor causes the 
same percentage decrease in resistance for each^^^of the two matenals, that is 
if nx=n2=n, we have — 

, „ , /Mn^Yfa a»b\ 

This may be written:— 

log J?n= —ft log 1/m+log JTm .(6> 

where K„ 

a a’^h 

(B) If the resistance of one constituent is very much higher than that of 
the other or, more precisely, 

f & a /M,n Y'l 

* KXa+ab) ^Ki\a+ab) 

that is, if F where F = -^a”2{ -;) ' 

aK^ \a-{~ 0 Lb/ 

we have log i?„=c= -log— {—^) 

Ki \a-\-ab/ 

This may be written •— 

log Ra— —Ml log Mm +log A'm . 


where Ka = —{a+ab)'*i 
u 


... f 


• •• ( 7 ) 
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EXPERIMENTAL 

Experimental Details 

The samples tested were prepared by the Spinning Department at the 
Shirley Institute. They consisted of three groups : (i) yarns of 6s count of 
pure cotton, pure wool and pure viscose staple, (u) yarns of 6s count con¬ 
taining 25, 50 or 75 per cent of wool or viscose staple mixed with cotton 
early in the spinning process, and (iii) yarns of 24S/4 count made up from i, 
3 or 3 singles ” of wool or viscose staple, the remaining " singles ” being 
cotton. 



Fig, I. Electrode System I Fig. 2 Electrode Sj’stem II 



(a) ih) 

Fig 3 Electrode S3"stem III 

Two hanks of each sample, each containing about 10 gm, were placed 
in weighing bottles and partially dned by phosphorus pentoxide. They were 
then allowed to come into eqmhbrium by absorbing water from an atmosphere 
of constant R H. produced above a saturated salt solution in a closedjvessel. 
The weight and electrical resistance of each sample were measured at this 
and successively higher humidities Finally, the samples were dned by 
standmg them over phosphorus pentoxide until they lost no further weight. 
From the dry weight, and the previously found weights at each R.H., the 
moisture contents were calculated The losses of weight due to further 
drymg in an oven were also found. 
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The resistances of the yams across two different electrode systems were 
measured. Fig i shows the first electrode system which is in the form of 
a wedge ; it was fixed in the constant-pressure device designed for use with the 
Shirley Moisture Meter The hank of yarn was placed under the electrodes 
on an ebonite plate, so that the yam lay horizontally and at right-angles to 
the gap between the electrodes; the compressmg force of 20 kgm. weight 
was apphed and the resistance was measured on a Shirley Electrical Hygro¬ 
meter, which had been spedally calibrated against standard resistances. A 
temperature correction was apphed to bring the reading to that which would 
have been indicated at 65® F. The second electrode system, conical in shape, 
is the Raw Cotton Electrode ” used with the Shirley Moisture Meter and 
shown in Fig. 2. The method of use was the same except that there was 
no need to align the yam; a Shirley Moisture Meter was used to measure 
the resistance 

A third set of expenments was earned out by methods developed at the 
Shirley Institute by O'SulHvan About 50 turns of each yarn were wound 
on a former, as shown m Fig. 3 [a), and dned over anhydrous calcium chloride. 
Bulldog chps having edges covered with tin-foil were chpped along the hnes 
AB and CD, when the former was removed the yam was left hanging 
between the clips as in Fig. 3 (&). The chps were hung from insulated cup- 
hooks in a glass vessel containing a saturated salt solution giving a known 
R H. above it, and a fan to disturb the air The resistance was measured on 
the calibrated Shirley Electrical Hygrometer and was taken between the 
two cup-hooks without removing the sample from the vessel. The resistance 
was corrected for temperature and the value appropnate to 100 ends was 
calculated. Hanks, containing about 4 gm. each, were also hung in the vessel 
and, when the resistance had reached a steady value, taken out and weighed. 
The vessel was placed in an incubator at 20° C, till equihbrium had been 
cached. Further measurements were made at a greater R.H, The dry weight 
of the hanks was found by oven-drjnng and was corrected to the weight 
which would have been obtained if they had been dried by phosphorus 
pentoxide. 

This last set of expenments gave the moisture contents at two values of 
R.H., but in further experiments to find moisture content at a given R H., a 
different method was used Hanks, containing about 10 gm. each, were 
placed m weighing bottles and dried over phosphorus pentoxide in a partial 
vacuum for several months. They were then weighed. They were allowed 
to absorb moisture by standmg in a partial vacuum over saturated salt 
solutions giving successively higher relative humidities. When thej^ had 
come into equilibrium at each R H , they were weighed and their moisture 
contents calculated 


Effect of Electrode System 

If the materials were homogeneous and isotropic and if their states 
(e.g., of compression) were not a&cted by the electrode system, the ratio of 
the resistances across two different electrode systems would be independent 
of the nature of the matenal and its moisture content, in other words, there 
would be a constant difference between the logarithms of their resistances 
That this does not apply to the resistance of yam is shown by the variation 
in the differences of the logarithms given in Table I. It will be seen that the 
difference vanes both with the nature of the matenal and with its moisture 
content The fairly small vanations in the difference between the first and 
second electrode systems may be due to the difference in orientation of the 
yam The variations in the difference between the first and third electrode 
systems may be due to the different pressure apphed. The difference between 
the second and third electrode systems will combme both vanations. 
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Table I 

Effect of Different Electrode Systems 




Differences beti 
electrode systei 

veen values of log 
ns, 1 e log of ratio 

R for different 
of resistances 



I—II 

I— in 

II—III 

Pure cotton •< 

Pure wool . < 

Pure Mscose staple < 

08 

1-0 

M 

13 

1-0 

1-2 

0-00 

0*27 

0T8 

0 03 

0*10 

0 24 ! 

0 32 

0T9 
—0 48 
—0 41 ! 

—0 31 
—0 45 

0*32 
—0 08 
—0 66 
—0*44 
—0 41 
—0 69 


Effect of Voltage 

In the measurements made with the Electrical Hygrometer, the effect 
of varying the voltage from about 20 to 80 volts was investigated. In 
general it was found that the resistance was higher at a lower voltage, but 
some exceptions were found, and in no case was the difference much greater 
than the expenmental error. 



Curve I. Pure cotton. 

2. 75% cotton, 23% viscose rayon 
»> 3« cotton, 50% viscose rayon 

4 25% cotton, 75% viscose rayon 
„ 5 Pure viscose rayon. 

The absorption curves for cotton and viscose 
xayon are extrapolated by using figures due 
to Urquhart.** ® Curves 2, 3 and 4, are 
drawn by interpolation from curves i and 5. 
The plotted points represent expenmental 
values 


Curve I. Pure cotton. 

» 2 75% cotton, 25% wool 

» 3- 50% cotton, 50% wool. 

„ 4 25% cotton, 75% wool. 

„ 5. Pure wool. 

The absorption curves for cotton and wool 
are extrapolated by using figures due to 
Urquhart® and Speakman^ Curves 2, 3 
and 4, axe drawn by mterpolation from 
curves i and 5. The plotted points represent 
expenmental values. 


Effect of Method of Mixing 

For the cotton-viscose staple mixtures, there was no systematic difference 
between the resistances, at a given moisture content, of the yam mixed m 
^sp innin g and the yam mixed by doubling. 

For the cotton-wool mixtures, the resistance, at a given moisture content, 
of the doubled yam was slightly greater than that of the yarn mixed in 
spinning. The difference was not great enough to be found accurately and 
no further account of it was taken. 
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Values of a 

The values found for the moisture content of the yarns made from pure 
fibres after absorption to a known R.H. are given in Table II. From the 
figures of Urquhart and his collaborators for cotton® and viscose rayon® and 
Speakman*s figures for wool,^ particular samples were selected which fitted 
our values. These were used for extrapolation of the curves given in Figs 4 
and 5, relating moisture content to R H. From these curves values of a 
relative to cotton, were calculated and are plotted in Fig. 6. 



RELATIVE HUMIDITY % 


Fig 6. 

Table II 

Relative Humidity and Moisture Content 


Saturated salt 
solution 

Temp 

X. 

RH 

I % 

Sample 

Moisture content 
% 




1 

f Cotton 

7-4 

Sodium nitrite 

21 

66 


' Viscose staple 

12*3 




,1 

[Wool 

i 12-6 





Cotton 

1 8'8 

Sodium chloride 

21 

75 


Viscose staple 

1 14 5 




1 

[_Wool 

14*6 




! 

f Cotton 

10 8 

Sodium carbonate 

21 

86 


1 Viscose staple i 

17 6 




1 

[Wool 

17 3 




I 

r Cotton 

12 1 

Zinc sulphate 

20 

90 


Viscose staple 

19 3 




J 

[Wool 

18 8 


TESTING THE THEORETICAL EQUATIONS 
We can now consider the application of the equations (3)~(7) 

The values of n and log K for the pure matenals for each electrode system 
are given in Table III The experimental pomts and the hnes from which 
n and log K were deduced are given in Figs. 7-12. 


Table III 

Values of n and logK 


Sample 


Electrode system 

1 

1 I 

n 1 

: 1 

i: 

El 

L 

log a: 

n 

logii: 

n 

log a: 

Pure cotton . 

mm 

10 9 

m 

119 


98 

Pure viscose staple 


13 4 


14 6 


12 8 

Pure wool 

mm 

21 4 


20 4 


23 9 
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» DO! 


Curve 5 Pure viscose staple from experi- Curve 3 Pure viscose staple from experi- Curve 5* Pure viscose staple from experi¬ 
mental points mental points mental points 

All the plotted points represent the means All the plotted points represent the means All the plotted points represent the means 
of several experimental values of several experimental values of several experimental values 
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All the plotted points lepresent the means All the plotted points represent the means All the plotted points represent the means 

of several experimental values of several experimental values. of several experimental values. 

♦From equation (7) taking a = 170 equation (7) using appropriate values of o. 
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For mixtures of cotton and viscose staple special case (A) applies, since 
the values of n are the same, and we can test equation (6). Table IV gives 
values of log obtained when a constant value of a equal to 170 was used. 

[ The hues derived from these values are given m Figs 7, 8 and 9 , the expen- 
I mental points are plotted for companson. The figures given in Table V 
show that the error introduced by using a constant value of a is negligible. 

Table IV 

Values of logKTmi iu Equation (6) for Viscose Staple Mixtures and in Equation 
(7) for Wool Mixtures, putting a = 1.70 in both Equations 


Sample 

1 

1 Elect 

xode system 

Sample 

j Electrode s} stem 

I 

II 

III 

I 

II i III 

1 

75% Cotton 

25% Viscose staple 

50% Cotton 

50% Viscose staple 

25% Cotton 

75% Viscose staple 

11 65 

12 23 

12-87 1 

12 72 

13-41 

14 06 

10 6 

112 

12 0 

75% Cotton 

26% Wool 

50% Cotton 

50% Wool 

26% Cotton 

75% Wool 

11-77 

12 55 

13 40 

12 83 1 10 6 

13 71 1 113 

1 

14 63 ! 12 1 


Table V 

Effect of a on Values of logJCm for Cotton-Viscose Staple Mixtures 


a 

^Cotton) 

h 

(Viscose 

staple) 

1 

a 

(Relative 

to 

cotton) 


log Km 

e 

Difference of value of log Km 

1 from value of log F at a=1 70 

Elec 

tiode S 3 "S 

stem 

i 

ectrode system 

I 

II 

III 

I 

II 

HI 

0 76 

0 25 

180 

11*68 

12 74 

10 68 

0 03 

0 02 

0*12 

0 75 

0 25 

1-70 

11 65 

12 72 

10 56 

— 

— 

— 

0 75 

0 26 

1 64 

11-63 

12 69 

10 52 

0 02 

0 03 

0 04 

0 25 

0 75 

1 80 

12 90 

14-10 

12 09 

0 03 

0 04 

Oil 

0 25 

0-75 

1 70 

12 87 

14 06 1 

11 98 1 

— 

— 

— 


For, cotton-wool mixtures the values of JF* are given 111 Table VI Except 
for mixtures containing much wool at a high moisture content we see that 
F < I and so special case (B) apphes. In Figs 10, ii and 12, the curves 
derived from equation (7) and appropriate values of a are compared with the 
experimental results and with the hues obtained by substituting in equation 
(7) the values of log given in Table IV, which were calculated for a 
constant value of a equal to 170. 


Table VI 

Values of F for Cotton and Wool, taking a = 1.70 


a 

(Cotton) 

b 

(Wool) 

Moisture content 
% 

F 

0 75 

0 25 

16 

0 06 


0 50 

16 


0 25 

0 75 

16 

0 14 

0 25 

i 0 75 

13 



In all cases the expenmental results support the equations which were 
derived from the assumptions given earlier m this paper 


♦See Case (B) under '* Equations to he Tested ” 
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RELATIVE HUMIDITY % 

Fig. 13 Fig. 14 


Relation between the electrical resistance 
and the equihbnum relative humidity of 
cotton-viscose staple mixtures obtained by 
using electrode system III. 

Curve I Pure cotton 
» ^75% cotton, 25% viscose staple. 

3 5°% cotton, 50% viscose staple 
„ 4 25% cotton, 75% viscose staple 

„ 5 Pure viscose staple 


Relation between the electrical resistance 
and the equilibrium relative humidity of 
cotton-wool mixtures, obtained by using 
electrode system III, 

Curve I Pure cotton 

.» 2 75% cotton, 25% wool 

„ 3 50% cotton, 50% wool. 

M 4* 25% cotton, 75% wool. 

„ 5 Pure wool 


RELATION OF THE RESISTANCE TO THE RELATIVE HUMIDITY OF 

THE YARN 

For some purposes it is more convenient to consider the Relative Humidity 
of the atmosphere with which the yam is in equihbnum (briefly described as 
the " R H. of the yarn ”) instead of the moisture content of the yam. The 
curves relating R H. to moisture content for the yams of pure fibres were 
obtained as explamed earlier and are given in Figs 4 and 5. By interpolation, 
using equation (3), the curves for the mixed yams were found and are mcluded 
in Figs 4 and 5 From these curves and from the lines in Figs 9 and 12 
relating log R to log M, the curves given in Figs 13 and 14, relating R.H. to 
log R for electrode system III, were deduced The curves for cotton* show 
good agreement with the formula for the Electrical Hygrometer, given in 
the introduction'— 

E 

log J? = 8 I —log — —0 0715 H, 

This equation is of the same form as that given by Walker*^ for cotton at 
high humidities. 


PRACTICAL APPLICATIONS 

The use of equation (5), or a simplified form of it, enables a calculation 
to be made of the moisture content of a yarn containing known amounts of 
two fibres, if its resistance and certain properties of the yams of the pure 
fibres are known. This equation has been confirmed by the present experi¬ 
ments and there is no reason to suppose that its application is not more 
general. It can easily be extended to a yam contammg more than two 

* The difference between cotton and viscose staple is greater than that previously 
found A full explanation of this apparent discrepancy is given in the Appendix 
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fibres ; the general equation for a yam containing z sorts of fibres, derived 
by a method similar to that for a two-fold mixture, is *— 



To apply these results for wool and viscose staple mixed with cotton to 
the Shirley Moisture Meter it is convenient to use equations (6) and (7), which 
may both be written :— 

log Rm = —% log iiifm+log Kra 

though the expressions for Km differ m the two equations. For pure cotton 
log log ilfi+log £1 

If M\ is the moisture content deduced from the Moisture Meter reading 
(taking account of the electrode system used and of the fact that the Moisture 
Meter is calibrated in moisture regain) on the assumption that the yarn is 
pure cotton then:— 

—Wj logMm+log Km = —n^ log M'l+log Kj 

Thus conversion factors can be calculated for the various mixed yarns. 

If the curves relating log R to R.H for any material or mixture are 
straight lines parallel to the Ime for cotton, the Electrical Hygrometer calibra¬ 
tion win be correct if the warp factor is multiphed by the antdog of the 
difference m log R between the cotton Une and the hne for the other material 
or mixture. If the slopes are different a conversion factor of this type can 
be used to make the mid-scale readmg correct, but the cahbration on the dial 
wiE also have to be corrected. 


APPENDIX 

Comparison between the Resistance of Viscose Staple Yarn and 
Cotton Yarn at the same Relative Humidity. 


Introduction 

Previous experiments made at the Shirley Institute indicated that the 
difference between the values of log R for cotton yam and for viscose staple 
yam, at the same relative humidity, was about 0 3, leading to the use with the 
Electrical Hygrometer of a corrected warp factor of | X £ jN, But the results 
given m Fig. 13 indicate that the difference is 0*9 The following senes of 
experiments was designed to investigate the reason for this disagreement 

Experimental Details 

A range of samples of " Fibro was obtained and also some samples of 
cotton to be used as standards. The complete hst of samples is given in 
Tables VII and VIII Half of each sample was sized on the model tape- 
frame^ at the Shirley Institute with size mixmgs consisting of maize starch 
and a small percentage of tallow. The viscose staple was sized to a nominal 
7 per cent, and the cotton to a nominal 12 per cent., both expressed as a 
percentage of the weight of unsized material. 


* Viscose staple yam made by Messrs Courtaulds, Ltd. 
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Table X 

Values of lo^ (i?v//?iv) for Samples Conditioned Together 


Sample No 

Set No 
log (Rxl^av) 

1 

3 

0 25 

2 

3 

0 24 

3 

2 

0-22 

4 

3 

0 01 

5 

9 

014 

7 

1 

0-10 

8 

1 

010 

Sample No 

8 

8 

9 

11 

16 

18 

18 

Set No 

2 

3 

2 

3 

9 

2 

9 

log (RylRsv) 

Oil 

0*23 

0 32 

0 07 

0 21 

0*21 

0 05 


(6) Difference between cotton and unsized viscose stable at approximately 65 Per 
cent. RM. and 2 ^^ C. 

Table XI gives the value of log(i^v/i?c) for each set. Combining the results 
for all the sets we have — 

Weighted mean log(i?v/i^c) = 0-44 

where the weight given to the value for any set is equal to the product of the 
numbers of samples of cotton and of unsized viscose staple in that set. 


Table XI 

Values of log (Ry/R^) at about 65% R.H. and 2S°C. 


Set 

No. of cotton 
samples 

Mean log R 
for cotton 

No of unsized 
viscose samples 

Mean log R for 
unsized viscose 

log 

Weight 

1 

5 

1 32i0*08* 

5 

1 61^0 10* 

0*29 

25 

2 

3 

l-35±0-12 

5 

1 71 ±0*05 

0 36 

16 

3 

2 

1 59±0’10 

5 

1 83±014 

0 24 

10 

5 

4 

1 88 ±0-10 

8 

2*46±0 08 

0 58 

32 

9 

4 

l-99di0 04 

4 

2 57±0 06 

0*58 

16 


* Standard deviation. 


(c) Difference between cotton and sized viscose staple at approximately 65 per 
cent. R H. and 25° C. 

Table XII gives the values of log(/?s\/^c)- Combining the results in the 
same way as above, we have — 

Weighted mean log(i?sv/- 2 ^c) = o-2y. 


Table XII 

Values of log {R^/Rc) at about 65% R.H. and 25®C. 


Set 

No of cotton 
samples 

Mean log R 
for cotton 

No of sized 
viscose samples 

Mean log R for 
sized viscose 

log 

Weight 

1 

5 

1 32±0*08* 

2 

147±0 01* 

0 15 

10 

2 

3 

1 35+0 12 

4 

151+0 07 

0 16 

12 

3 

2 

1 59±0 10 

5 

167+0 09 

0 08 

10 

4 

4 

2 02±0 18 

8 

2 35+0*18 

0*33 

32 

9 

4 i 

1 99 ±0 04 

3 

2 44±0 05 

0*45 

12 


• Standard deviation 


{d) Variation with humidity at 25*^ C 

Sets 8, 9, 10 and ii are for the same samples over a range of humidities 
from approximately 43 per cent to approximately 85 per cent R.H The 
results indicate that at either end of this range the difference between sized 
and unsized viscose staple becomes less pronounced 

Table XIII ^ves the values of log(i?v/2?c) and of log(i?sv/^c) for this 
range of humidities It will be seen that the difference between cotton and 
viscose staple becomes much greater at high humidities. 
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Table XIII 

Values of log {Rv/Rc) and log {Rsv/Rc) at 25°G. and various humidities 


Set 

RH% 

approx 

Mean log R 
for cotton 

Mean log R 
for unsized 
viscose 

Mean log R for 
Sized viscose 

log 

log {R^yfR^ 

8 

43 

3-40±0 06* 

3'83±0-05* 

3 87±0 04* 

0 43 

0-47 

9 

66 

1 99±0 04 

2 67±0 06 

2 44±0 06 

0 68 

046 

10 

76 

1 08±0 06 

1 76±0 13 

1 69±0 08 

0 68 

0 61 

11 

85 

0-27±0 09 

0 96±0 16 

0 97 ±0 08 

0-69 

070 


* Standard deviation 


Conclusion 

The value of log(J?v/J^c) of about 0-9 given by the results in Fig. 13 is 
due to the high humidity at which these measurements were made, ^t 
relative humidities of about 65 per cent, the value of log{RsvlRc) is about 0-3 
and thus, when viscose staple yams are bemg measured by an Electrical 
Hygrometer cahbrated in equilibrium R.H. for cotton yams, the division of 
the warp factor by 2 (the antilog. of O'S) is a suitable correction. 
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19 —VISCOSE RAYON FIBRES 
II— THE ORIENTATIONS OF SKIN AND CORE 

By J. M Preston and K. I. Naeasimhan 

{Copyright by the Textile Ifistitute) 

INTRODUCTION 

In the previous communication^ it was shown that the fibre refracto- 
meter^ measures the refractive indices of the core of viscose fibres. It is 
well known that the Becke method® measures the refractive indices of the 
skin of fibres.^ It follows that measurements on the same fibres by the two 
methods should give a rapid and simple way of measuring the optical 
properties and through them the orientations of skin and core. Wuhrmann* 
used a beautiful but difficult microscopical technique to measure the difference 
between the double refractions of skin and core and with it obtained data for 
six commercial viscose fibres. These data confirmed that the skin had a 
higher axial orientation than the core in every case as had been previously 
deduced from other observations.®'* Wuhrmann’s measurements covered only 
a small range of fibres and were made on viscoses of imstated commercial 
manufacture. A large range of fibres of known methods of manufacture 
must be examined to find any systematic relationship. It was beheved that 
if this were done it would help to elucidate further the structures of the skin 
and core of viscose fibres. The conjoined use of the Becke and fibre refracto- 
meter methods appeared to offer a comparatively simple technique for the 
purpose. It was decided to examine several series of specially prepared 
fibres by the new combination of techniques. 

EXPERIMENTAL 

Several series of viscose fibres were spun by the methods described pre¬ 
viously,^*® In each series, fibres with a range of orientations were spun. The 
results for three senes of these specially prepared fibres are given’in the 
present communication. The fibres range from comparatively homogeneous 
ones spun into ammonium sulphate baths to fibres with well defined skins 
spun into baths containing the sulphates of zinc and sodium and sulphuric 
acid. Data for a commercial cuprammonium fibre are also included. The 
experimental fibres were all desulphurized, dned and conditioned at 65 per 
cent. R.H. 

Table I 

Viscose Fibres, Series A 

(Spun into approximately neutral 55% ammonium sulphate at 45® C) 


Filament 

denier 

Refractive indices 

Co 

re 

Skin 

/2„ }2i 

4 5 

1 o40o 

1*3173 

l‘544o 

I5I85 

■1 

I54O4 

15170 

15449 

I5I84 


15430 

I0I62 

1 5486 

1*5164 


15438 

15159 

1-3502 

1 5162 


15477 

15150 

1 555o 

1*5136 

1 

15389 

15161 

1 5416 

I5I85 


13399 

I5I60 

1 5434 

1 5177 

if 

1 5422 

15150 1 

1*5480 

1*5168 


15442 

1 5148 

1-5512 

1*5160 


1-5466 

15143 

1*5545 

1 515x 


1 540o 

15176 

1*5435 

1*5199 


1 530o 

1 528i 

1 5296 

1 5288 
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The refractive index measurements were made in methyl salicylate, ethyl 
salicylate, nitrobenzene and anisole which had been conditioned at 65 per 
cent. R.H. The fibre refractometer was used in the way previously 
described.® The Becke method was used in the usual way.** In order to 
reach equivalence of refractive indices between fibres and immersion liquid 
in the Becke method, the wave length of the illuminating light was varied 
till the Becke line disappeared. The refractive indices were converted to the 
values at the D line by the method described for the fibre refractometer ® 

Viscose Fibres, Series B 

(Spun into a solution of 20% sodium sulphate and 12% sulphuric acid at 45°C) 


Refractive indices 


Filament 

--- 




denier 

Core 

Skin 



ni 



4 5 

1-5379 

1 5184 

15415 

1-5173 

39 

1-5341 

13165 

15412 

15173 

99 

1-5393 

1 516o 

] 5443 

1 5166 

>» 

1 5391 

1*3155 

1-5455 

1 516o 


15416 

13149 

15475 

1 3145 

It 

1-5309 

15155 

1 5365 

1 

1 5159 


Guprammonium Rayon Fibres 


Filament 

denier 

Refractiv 

e indices 

Core 

Sk 

m 

% 

— 

1 547i 

15185 

1 5521 

1 5199 


Viscose Fibres, Series G 

(Spun into a solution of 20% sodium sulphate, 2% zinc sulphate and 
12% sulphuric acid at 45“ C) 


Filament 

denier 

Refractive indices 

Core 

Skin 

6 5 

1 5382 

1 5I84 

1 5457 

1*3173 

,, 

1 5384 

13184 

1 546i 

1-5172 

45 

1 537o 

1 5151 

1*5443 

1-3162 

39 

1637g 

1-3150 

1 5468 

1*5153 

99 

1-5389 

1 5155 

1 5479 

1*5163 

,, 

1-5399 

1 5148 

1 5492 

1-5158 

»• 

13412 

13146 

1 5502 

1 5153 

99 

I34I4 

1 5146 

1 55O7 

1*5151 

II 

15427 

1 5137 

1 5523 

1*5143 

11 

1 5289 

1 5186 

l-535o 

15179 


15313 

13178 

1-5371 

1 5I64 

99 

15346 

13173 

1 5394 

15169 

39 

1 5349 

1 5168 

1 5409 

1 5162 

,, 

1 5368 

1 5163 

1*5427 

1 3152 

99 

1 5283 

1 5211 

1 5302 

1 5212 


15293 

1 5208 

1 532i 

1 5206 


1 5294 

1 52O0 

1*5334 

15199 


1 5249 

1-5197 

153I7 i 

1 5228 


1 5325 

1 5207 




1 5332 

1 5203 

1 5384 

15198 


15316 

15211 

1 5356 



1*5287 

15210 

1 5310 

1 320g 
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The data for the refractive indices of the skin and core of the different 
fibres are given in Table I The double refractions of the core and skin 
in each case are plotted as ordinates and abscissae, respectively, in Fig. i. 
The different sets of data from the different series of viscose fibres all show 
similar and nearly parallel trends. Although the sets of points he fairly close 
together the sets clearly do not overlap, but he along distinct lines. For all 
except the point representing the nearly isotropic fibres the skin double 
refraction, is greater than the core double refraction This difference is 



Double Refraction of Skin Ani 
Fig. r. 


Theoretical curve 



Double Refraction of Skin A n'c 
Fig 2 . 

greatest for the fibres spun into the zinc sulphate bath, next greatest for the 
fibres spun into the acid sodium sulphate bath Next stand the fibres spun into 
the ammomum sulphate bath, and last of all the fibres with the least 
difference, the commercial cuprammonium fibres, 

DISCUSSION 

It IS clear from the trends of the experimental points in Fig i that the 
double refractions of skin and core are symbahc. It is also clear from the 
general trend of all the data that the double refraction of the skin increases 
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faster than that of the core These relations are exhibited more clearly if 
the difference between the double refractions of skin and core is plotted 
against the double refraction of the skin for each fibre This plot has been 
made m Fig. 2. In this figure it is seen in each of the three series of fibres 
that the difference between the double refractions increases with increase of 
double refraction. It is also seen that the difference between skin and core 
IS greatest for the fibres spun into the zinc sulphate containing bath. The 
fibres spun into the acid sodium sulphate bath, as might be expected, occupy 
an intermediate position. The low smgle value for cuprammonium rayon 
indicates the comparative absence of a more oriented skin for these fibres. 

The expenmental points of Fig. 2 show that the orientations of skin and 
core are nearly the same when both are small, but that as the fibres are 
stretched in spinning the onentation of the skin increases faster than that of 
the core. The results of Fig. 2 also show that the fibres with the most pro¬ 
nounced skins, those spun into a bath containing zinc sulphate, show the 
differential effect of stretch most markedly. The fibres which are usually 
considered skinless or have scarcely detectable skins show the differential 
effect of stretching least on the double refractions of skin and core. This is 
seen in the data for the^ cuprammomum fibres and the viscose fibres spun 
into ammonium sulphate* baths. The angle at which the line of points for 
the fibres spun into the ammonium sulphate meets the axis in Fig. 2 suggests 
that the difference might become negative for less oriented fibres. The sug¬ 
gestion IS supported by the smgle value for nearly isotropic fibres shown in 
Fig. I. The data for these fibres show that their cores are more oriented than 
their skins. It will be necessary to spin fibres of intermediate orientations to 
test the suggested course of the curve. 

The fibres spun into baths containing zinc sulphate have highly serrated 
cross sections. Their peripheries have serration coefficients of about i-6.^ 
The fibres spun into the ammonium sulphate bath have nearly circular cross 
sections and serration coefficients near to unity. Hermans has shown® that 
the skin of serrated viscose fibres exhibits negative double refraction m the 
tangential direction or what is the same thing positive double refraction in 
the normal or radial direction. This is a most significant observation when 
considered in conjunction with Sisson's important observations on the 
orienting effect of shrinkage.^® The two sets of observations taken together 
point clearly^to the presence of a radial uniplanar orientation of the cellulose 
in the skin. Sisson wnting earlierf and therefore without knowledge of the 
phenomena just reported by Hermans had suggested that there was a tan¬ 
gential uniplanar onentation of the skin “ He had based this on the axial 
orientation of the loi planes shown by his X-ray diagrams and the fact that 
the cross sections of viscose fibres contract during spinning. The X-ray 
diagram produced when a whole fibre or bundle of fibres is irradiated does 
not distinguish between the tangential onentation suggested by Sisson and 
the radial orientation suggested here. This is clear from Figs. 3a and 3b. 
Fig. 3a shows the suggested tangential and Fig. 3b. the suggested radial 

*The new staining technique of P. H Hermans [Text Res» J , 1948, 18, 9) mdicates 
the presence of a thin skin even with these fibres 

fSimilarly, Horio, Kobayashi and Kondo {Text Res, J , 1947, 17 , 264) pubhshed 
their interpretation of their electron microscopic observations before Hermans' work. 
They observed elliptical bubbles which they suggest are evidence of compression 
during coagulation. The shape of these bubbles could equally have resulted from 
compression by the knife during section cuttmg Support is lent to the latter explana¬ 
tion since the elhpses lie with their short axes in the direction of cutting, which can be 
seen from the knife scratches on the sections 
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uniplanar orientations It is clear that the loi planes lie parallel to the 
fibre axis and at all orientations m the plane perpendicular to the fibre axis in 
both cases The idea of a radial onentation is more consistent with Sisson’s 
observations on shrinkage than is the idea of a tangential onentation of the 
skin. This will be seen when the method of fibre formation is considered in 
detail The important point to consider is the serrated shape of cross sections 
of fibres with marked skins This comes from the lateral compression of the 



101 plane viewed normally 



„ tangentially 


Fig 3 

skm dunng the shnnkage of the core, as the folds form in any flexible but 
«more or less mcompressible structure which is pressed together The fibres 
are restrained mechanically from shrinking axially so that most if not all of 
the shrinkage is transverse. Thus in the skm the transverse tangential 
shrinkage orients the cellulose chains more or less completely in radial planes 
normal to the fibre surface The orientation m these planes is only partially 
complete, as can be deduced from the quantitative data, but it is sufficiently 
marked to account for many otherwise inexphcable properties of the fibres. 

To test the radial structure hypothesis it is necessary to see how far it fits 
in with other known facts. One fact is that the skm is denser and swells 
less than the core.^®»^® This appears reasonable when it is considered that the 
skin is in compression, whilst the core is in tension due to the osmotic action 
of the coagulating bath duiinf formation of the filaments These conditions 
Would be expected to produce a more compact structure in the skin than in 
the core Another observation, reported by Hermans®, which must be con¬ 
sidered is that the magnitude of the transverse double refraction of the skin 
decreases with increase of stretch. If there is in fact a radial orientation of 
the cellulose chains in the skm, then the double transverse refraction must be 
a function of the axial orientation as well. Since it has been reported^* that 
there is little difference between the two transverse refractive indices and 
it follows that a perfect axial orientation will have a very small transverse 
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double refraction. On the other hand a poor axial orientation combined with 
a good radial one will exhibit a high double transverse refraction. It follows 
that increase of stretch should decrease the transverse double refraction as is 
found expenmentally. 

A higher rate of increase of orientation with stretch of the 101 compared 
to the loi’ and 002 planes is reported by Hermans^'* for ordinary \iscose 
(which has a skin) but not for Lilienfeld viscose, which is said to be without 
a skin.^* The axial orientation of the loi planes, already partially oriented 
by shnnkage, would, when stretch is applied, be expected to proceed more 
rapidly than the orientation of the other planes which have a spatially ran¬ 
dom dispositon. Another effect of stretch which operates in the same direc¬ 
tion should be mentioned. Stretch as usually applied does not alter the 
initial and final speeds of the fibre being spun. It alters the position at which 
the fibre is attenuated as shown diagrammatically m Fig. 4 The more the 
stretch the less is the attenuation in the coagulating bath at the spinneret A 
less attenuated fibre will have a greater penphery and thus the skin will 
have a greater area and will be subjected to more transverse compression to 
accommodate itself to the final attenuated volume The greater transverse 
compression of the skin of stretched fibres should result in a greater orienta¬ 
tion of the loi planes This agrees with the experimental evidence. 
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Another obsen^ation that must be fitted into any picture of the structures 
of skin and core is the one exception noted by Rose'^ to his interesting cor¬ 
relation of double refraction with the slope of the load-elongation curves of 
viscose fibres. The one exception is Bemberg cuprammonium fibre From 
the slope of the load-elongation curve the double refraction would be expected 
to be about 0*02,2, whereas the value found experimentally is 0 0303. The 
explanation appears to be that the double refractions w^ere measured on the 
cores of the fibres whilst the slope of the load-elongation curve in the region 
used depends on the skin, according to Wuhrmann Now except for a few 
unstretched fibres all Rose’s fibres were spun into baths containing zinc sul¬ 
phate. Fig I shows that these fibres have a liearly linear relation between 
the double refractions of skin and core The effect of substituting measure¬ 
ments of skin and core for one another therefore effectively introduces a con¬ 
stant multiplying factor which can be neglected unless fibres of a different 
kind are considered. Cuprammonium fibres are of a different kind struc¬ 
turally They possess comparatively poorly oriented skins which are so thin 
that they are not observable under the microscope by the usual technique 
It may be considered that when stretching these fibres the load is borne by 
the core. In this case when using Rose’s correlation factor the equivalent 




Ip —viscose Rayon Fibyes—Preston and Navasimhan 


T333 


double refraction is that of the core of a viscose fibre with the skin orientation 
equivalent to that measured for the core of the cuprammonium fibre From 
the curve for zinc sulphate viscose fibres in Fig 2 the difference in orientaton 
between the skin and core of such a fibre is about 0 008 If this is subtracted 
from the measured value 0 0302 it brings it to the expected value 0 0222. 

As all the tests known to us that could be applied to the hypothesis led to 
deductions which were consistent with the proposed skin and core structures 
it was decided to attempt to devise a theoretical quantitative relation between 
the skin,and the core structures As far as is known to us this has not been 
done before It is put forward as a first approach to the solution of the 
problem without any attempt at refinement because it was felt that at this 
stage it would be inappropriate to use any but the simplest treatment 

From the preceding discussion it will have been seen that the hypothesis 
proposed to give a rational picture of the properhes of the skin and core is 
that there are two kinds of structure present The skin is considered to have 
a partially planar structure onented in the radial direction The core is con¬ 
sidered to have the usually assumed spatial structure Hermans^'* has derived 
a simple relation between the double refraction and the mean angle of a 
uniaxial spatial structure. It is: 

—i =i-3/2sin*’0 . . .(1) 

AWo 

where A«c and are the double refractions of the actual fibre and of a 
perfectly onented fibre The mean angle of the fibre structure is 0. 


Fibre 

Axis 



Fig* 5* 

A Similar relation can be denved for a planar structure Thus if Fig 5 
represents a cellulose chain or crystallite lying in the plane of the paper and at 
an angle 6 to the fibre axis then if crn, o-j^, <ri and cr, are the polarizabilities 

o-|j=criC0S“^ + <r2Sim^ . (xi) 

o-j_ = (Ti cos“( tt/ 2-^) + cr. sin- (ttI 2 - 6 ) 

= criSm®^ + o-2 cos^ 0 

Subtracting (111) from (11) and rearranging gives 
^ s=cos-^-sin“( 9 =i- 2 sin“^ 

CFj — 0-2 


(iii) 
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If o“i~-<r2 is small then 

Awc 

—f=:i-2sin-^ . (iv) 

An. 

Now it IS known that if fibres are spun at very slow speeds without any 
stretching and are allowed to contract freely in drying they are nearly iso¬ 
tropic ” Fibres produced m this manner were found to approach the isotropic 
condition in both skin and core when examined by either the Becke or fibre 
refractometer methods This means that the starting condition of the fibres 
IS one of statistical isotropy m both skin and core, i e,, in each case An~o 
If then equations (i) and (iv) are each set equal to zero it is found that for 
the starting condition ^ = 54*8° and Thus even though the fibre 

appears isotropic when viewed transversely the axial orientation of the skin 
is greater than the axial orientation of the core. The planar orientation, 
though isotropic transversely, will appear markedly anisotropic when viewed 
in the axial direction as was found by Hermans Using similar considera¬ 
tions to those used in denving the double refraction of the planar structure 
in the transverse direction, it is readily possible to denve an equation for the 
axial direction 





Let Fig 6 represent a segment of the skin of a fibre having a perfect 
radial planar stnicture Let o-j and cto have the same significance as before 
and represent the polarizabilities parallel and perpendicular to the direction 
of the cellulose chain or chains Let err and o-t represent the polarizabilities 
of the skin in the transverse radial and tangential directions Then it follows 
that 

(Tt = (Ti Sin'^ + CTa COS"^ 

<rt s=crn 

Hence 


(Tr 


=sin“^ 


( 7 l — 0-2 

and with the same limitation as before 


A^z,. 

An^ 


=sin‘^ 


•(V) 


where A«j represents the positive radial double refraction of the skin It is 
clear that the greater the stretch and the smaller 0 becomes the smaller should 
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be Sfir as was observed by Hermans ® Hermans does not give the value for 
an unstretched and isotropic fibre, but it appears from the data he does give 
that the values calculated from equation (v) would be too high This is 
because equation (v) assumes perfect planar orientation. It has already 
been argued that the onentation is only partially planar. The further the 
structure deviates from the planar one the greater will be the value of 
for the skin and the less the radial double refractionAwr. 

If the assumption is made that the skin contains a mixture of spatial and 
radial planar structures in the proportion of (i-a) and a, and if a linear 
mixture law is assumed then the observed value of the radial double refrac¬ 
tion 

An'r = aAftr + (i - a)An'r = aAn, (vi) 

since An'c-o for light travelling along the fibre axis In a similar way the 
double refraction of the skin in the usual axial-transverse directions will be 
less for an imperfect than for a perfect radial planar structure Assuming 
the proportions of the structures as before and a simple linear mixture law 
the observed skin double refraction will be 


An \= aAUs + (i - a) A Wc (vii) 

on the further assumption that the double refraction of the spatial fraction 
of the skin is the same as that of the core Now from equations (iv) and (vii) 
A»%=aAWo(l - 2 sin”S) + (i - a) Altc 
and substituting for sin^ 0 from (v) and (vi) gives 

An's=cLAny,{i - 2 / a An% / Aw„) + (i - a) Awc. 

therefore 


Aw's+2A;i'y— Awc 
— Awc 


If the double refractions are expressed as the optical onentation factors 
{An!An^-=f) with subscripts to indicate the particular factor, a can be 
expressed as 


-'fc 


(vili) 


To solve this equation the optical onentation factors must be known. Now 
Hermans has given® three values for Awr for viscose fibres stretched lo per 
cent , 50 per cent and 80 per cent , and in another publication^® Hermans 
has given values of Ans for fibres stretched to these extents The correspond¬ 
ing values of Ane can be denved from the data for the fibres spun into zinc 
sulphate given in Figs i and 2 The experimental data, the derived data 
and the calculated values of a are set out in Table IT below 


Table II 


Aws 

fs 

Air 

fr 

Ale 

fc 

! “ 

XlO-3 


xio-» 


XlO'3 


1 

1 

205 

0 436 

4 7 

0 10 

14 

0 298 

0 48 

29 

0 616 

36 

0 07 

215 

0 458 

0 55 

so 3 

i 

0 65 

i 

1 7 

0 036 

225 

0 48 

0 46 
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Inevitably there is a measure of uncertainty introduced by combining data 
from different sources, nevertheless it is considered that the mean value of 
5 gives the nght order of magnitude to this quanbty 
The more onented fibres are produced by more stretching given after the 
skin and core structure have been formed The spatial and the planar 
structures are stretched simultaneously and to the same extent The effect of 
the stretching on angles 0 and B may be expected to follow the same law 
whatever this is The simplest law that can be assumed is that the extension 
is proportional to the change of the cosine of the angle of orientation Then 
since both the spatial and planar structures start from the isotropic condition 
with 0=54*8® and 0=45®, after any extension 

cos 54 • 8® - cos 0 = cos 45 ® - cos 0 (ix) 

With the aid of (ix) it is possible to calculate the equivalent values of 0 and 
6 and with these inserted in (i), (iv) and (vii) and the value of a=0 5 to 
calculate equivalent values of Anc and An's, The calculated values of 0, 0, 
An%, Auc and An's-Anc are set out in Table III below. 


Table III 


e 

An's 

1 

4> 

Anc 

An's Anc 

45° 

XlO‘3 

0 

54 8° 

XlO-3 

0 

xio-3 

0 

35° 

12 7 

46 5° 

94 

33 

25° 

24 5 

39 2° 

18 9 

5*6 

15° 

33 2 

33 4° 

25 7 

75 

5° i 

37 7 

30 1° 

29 3 

84 

0° 

38 3 

29 7° 

29 6 

87 


The data of columns 2 and 4 of the table are plotted in Fig i as a coiitinuous 
line. It will be seen from the figure that the line fits the expenmental points 
for the fibres with marked skins Similarly a reasonable fit to the expen- 
mental points is obtained when the data of columns 2 and 5 are plotted in 
Fig. 2 Again the theoretical data are shown as a continuous line which 
agrees with the data for the fibres with marked skins 

The theoretical data in Table III show that when the skin has its planar 
structure fully onented, that is when 0 = o, the core is still much disonented 
smce the corresponding value of 0 is 29 7° This finding offers a rational 
explanation of why ordinary viscose fibres can be only imperfectly oriented 
by stretch in spinning Any stretch beyond that which completely onents 
the planar structure would be expected to rupture it and to produce a weak 
place which would cause the fibre to break in spinmng The most highly 
stretched fibres that could be spun m the zinc sulphate containing bath 
nearly reached this theoretical limit as will be seen in Fig i None of these 
fibres exceeded the theoretical limit Further consideration of this line of 
thought suggests that the fibres spun into ammonium sulphate which have 
much less marked skins could have their cores more highly onented because 
the cores could be stretched more before the skin planar structure began to 
rupture Fig i shows that this proved practicable since the fibres spun into 
ammonium sulphate could be produced with more highly onented cores 
Dyeing phenomena observed with the expenmental fibres descnbed here 
could also be given a rational explanation on the basis of the simple struc¬ 
tural hypothesis descnbed here. It is hoped to discuss these phenomena in 
another paper. 
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Letters to the Editor 

[The Institute is not responsible for the opinions of correspondents ] 


MECHANO-CHEMICAL METHODS FOR USE WITH 
ANIMAL FIBRES 

During the conference on Methods of Single Fibre Testingattention 
was drawn to the uses of mechano-chemical methods for assessing the nature 
and extent of the action of various reagents on animal fibres - One of these 
methods is based on the fact that, when extension is carried out rapidly, 
wool fibres may be stretched 30 per cent in water at ordinary temperatures 
(22 2® C.) without undergoing any significant change in elastic properties 
The extent to which fibres are damaged by any treatment can, therefore, be 
estimated by first determinmg their load-extension curves up to 30 per cent, 
extension in water at 22 2° C and, after subjecting them to the treatment 
under examination, re-determinmg the load-extension curves under the same 
conditions as before. The percentage reduction in work for 30 per cent, 
extension, due to the treatment, can then be calculated from the pairs of 
curves and affords a simple and direct measure of damage 

Although the above procedure was developed for Cotswold* wool, it has 
since been used with other wools and human hair, in accordance with the fact 
that Australian Leicester wool, Australian menno wool, mohair and human 
hair had all been found capable of 30 per cent extension in water without 
significant change in elastic properties During the course of the discussion 
on the above paper," however, Dr. E G. Carter suggested* that it might not 
be possible to carry out repeated 30 per cent extensions of fibres other than 
Cotswold wool without a gradual reduction m the work of stretching taking 
place Results obtained with a 56s New Zealand wool were quoted in sup¬ 
port of this view, the work (m arbitrary units) for successive 30 per cent, 
extensions of one fibre in water being 100, 97, 82, 86, 82, 81, and 78. So 
great a fall in resistance to extension has never been observed in this labora¬ 
tory, and as the results given by another fibre were completely different, 
VIZ , 100, 99, 103, 105 and 103, it was suggested that “the conditions under 
which the load-extension curves were determined were unsatisfactory ” 
Because of Dr Carter's observations, however, it seemed desirable to confirm 
the results obtained in 1927 with the five kinds of fibre already mentioned, 
and the behaviour of Lincoln wool fibres during repeated extension in water 
and in 0 in hydrochloric acid has therefore been examined 

After extraction with alcohol and ether, 5-cm lengths were taken from 
the root ends of the fibres and attached to light glass hooks by means of a 
solution of methyl methacrylate in chloroform The diameter of each fibre 
was then measured at 40-42 places along the length, before determining the 
load-extension curve up to 30 per cent extension m distilled water at 
22 2“ C, by means of the Cambridge Fibre Extensometer. After 24 hours" 
rest m water, a second extension was earned out, and so on, up to eleven 
extensions. Although the Cambridge Fibre Extensometer does not give such 
precise results as the fibre balance first used in this work, it is obvious from 
the data of Table I that Lincoln wool fibres, like the fibres first examined, can 
be given several successive 30 per cent, extensions m distilled water at 
22 2® C. without serious alteration in elastic properties. 
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Because each cycle of extension and contraction occupied 4 to 8 minutes, 
depending on the diameter of the fibre, there is a general tendency for the 
resistance to extension to decrease with increasing number of extensions, but 
even after eleven extensions the fall in resistance to extension is small except 
jn the last case. This fibre was highly irregular in diameter, as may be seen 
from the value for the coefficient of variation, and the more rapid fall in 
resistance to extension is due to this fact, although the extension of the 
fibre as a whole was restricted to 30 per cent , the thinner regions must have 
been stretched well beyond the permissible limit, and damage is therefore 
excessive It has always been recognised that fibres of uniform diameter 
are preferable for work of this kind, but highly irregular wools may be used 
if the extension during calibration is reduced to ensure that no part of the 
fibre IS seriously over-stretched. 

In the second senes of expenments, fibres were stretched 30 per cent 
several times in succession in 0 i n hydrochloric acid at 22 2° C with, of 
course, a 24-hour rest between extensions. The resistance to extension was 
expressed as a percentage of the value obtained in the first extension in the 
acid solution, and the results are given in Table II. 

Even after ten successive 30 per cent, extensions in acid, there is no change 
in the resistance of the fibres to extension. This remarkable result, which 
is in striking contrast with Dr Carter^s, can hardly be due solely to the fact 
that the cycles of extension and contraction in hydrochlonc acid occupied 
only 3 to 5 minutes It seems probable that the identity of successive load- 
extension curves is connected with the greater stability of disulphide cross- 
linkages in acid solution than in water. 

Finally, in a third senes of experiments, fibres were stretched 30 per 
cent m water, 0 i n hydrochloric acid, and then in water again, with a 
24-hour rest m the appropriate medium between extensions The results 
are given in Table III 


Table III. 


Mean 

diameter 

(/') 

Coefficient 
of variation 
in diameter 
(%) 

Woik (arbitral 
( 

units) to stretc 
luring extension ] 

h 30 per cent 
in — 

Water 

0 1 N HCl 

Water 

43 6 

i 69 

100 0 ! 

62 0 

96 4 

47 6 

1 8 3 1 

1000 j 

62 .5 

96 2 

57 3 

1 83 1 

100-0 1 

64 1 1 

96 2 

56 0 

1 42 

1000 

63 7 

96 2 


Using the same settings of the extensometer, other fibres were stretched twice 
m distilled water, and the resistance to extension on the second occasion, 
expressed as a percentage of that during the first, ranged from 96 4 to 99 7 
for nine fibres, the average value being 97 8 It is clear, therefore, that 
Lincoln wool fibres can be given successive 30 per cent, extensions in water, 
0 IN hydrochloric acid and water without undergoing any senous altera¬ 
tion in resistance to extension 

In conclusion, reference must be made to the difference between the 
above value of 97 8 and the corresponding data of Table I, which range from 
98 7 to 102 4. The concordance within each senes of results is excellent, 
and the difference between the two senes is due to the difficulty of repro¬ 
ducing the onginal settings if the spring is removed from the extensometer 
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Ijetweeix one series and the next. Under such conditions, the error in esti¬ 
mating the resistance to extension may be as much as ± 2*5 per cent., but 
if the spnng is not removed, a far higher degree of accuracy is reahsed, as 
may be seen by examimng the results in any vertical column of the Tables. 

Textile Chemistry Laboratory, 0 . Ripa. 

Department of Textile Industries, J, b. Speakivian. 

Leeds University. 2nd May, 1949. 
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To the Editor, Journal of the Textile Institute, 

Factors Influencing the Raising of Wool Fabrics 
Although there are few data on the fundamental aspects of raising wool 
fabrics, there are sufficient to show^ that both the structure of the fabrics 
and the elastic and surface properties of the fibres are of great importance. 
The presence of acids and alkalies facilitates raising, as does also treatment 
of the fabnc with chlorine, sodium bisulphite or sulphur dioxide, due, no 
doubt, to the effects of these reagents on the elastic properties of the fibres. 
Teepol—an aqueous solution of sulphated olefines—also promotes raising, 
although the pile produced is easily laid, and it is probable that it is the 
lubricating action of this reagent on the fibres which facilitates their extrac¬ 
tion from the body of the cloth. If the presence of lubricating agents 
increases the susceptibility of a cloth to raismg then it imght be expected 
that anti-lubncants would reduce it, and this aspect of the theory of 
raising was therefore investigated as follows. Samples of cloth (2/2 twill 
fabnc made from 64s wool) were immersed for thiee hours in a one per 
cent, solution of an anti-lubricant, Syton (a dispersion of silica) at room 
temperature, and then raised along with a corresponding length of untreated 
wool cloth on a Tomlmsons Q-Vee raising machine. One half of the treated 
material was processed while still wet with the Syton dispersion, but the 
other was dried before being raised The control sample of untreated 

cloth was raised dry with the treated materials, the wet and dry fabncs 

bemg separated by a considerable length of wrapper. The thickness of each 
raised pattern was measured imder a pressure of i g./sq. cm. and the 
results, summarised in the following table, indicate clearly that the presence 
of anti-lubncant retards raising. Experiments earned out on cloth made from 
crossbred wool yielded similar results, although the differences were not 
quite so marked. 

Thickness of raised 

Fabric material (cm ) * 

Untreated 0-44 

Treated with one per cent. Syton and raised dry 0*34 

Treated with one per cent. Syton and raised wet 0*39 

REFERENCES 
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Erratum 

Air Enumerated Problem m Textile Design Pait I By S A Shorter, 

Page T197 line 12 from bottom of the page— 

"For the non-siib-pcnodic designs, etc " 

fead 

"For the sub-penodic designs, etc." 



T343 


fUNE 1949 

THE JOURNAL OF THE 

TEXTILE INSTITUTE 


TRANSACTIONS 


20—DESTRUCTION OF ORGANIC MATTER BY ACID 

ASHING, WITH PARTICULAR REFERENCE TO THE 

USE OF PERCHLORIC ACID IN THE OXIDATION OF 
TEXTILE MATERIALS 

By A. G Hamlin 

{Copyright hy the Textile Instittfte) 

INTRODUCTION 

The separation of inorganic matter present m organic materials by the 
process of ashing is a long established operation, the simplicity of which 
overshadows a number of inherent imperfections Provision for the free 
access of air to the combustion leads to an equally free escape for fine 
particles of ash caught m random air currents, or in the reaction gases, and 
the employment of high temperatures causes difficulties of a chemical nature 
These include the reduction of certain constituents such as lead, arsenic, or 
antimony to a volatile condition, the occlusion of organic matter by fused 
salts, and the production of intractable residues as with iron, aluminium, 
and chromium The organic matter itself is often troublesome Suitable 
temperature control reduces these difficulties, but requires a muffle furnace 
with a reliable pyrometer attachment A defect that is particularly important 
when traces of metals are involved is the danger of loss by combmation with 
the matenal of the crucible 

Vanous procedures have been proposed for the improvement of dry 
ashing, the best known being the addition of sulphuric acid during the 
process to retard reduction and volatilisation of metallic constituents The 
method becomes tedious if the original matenal is resistant to ashing, and 
the tendency of the acid to creep causes difficulty 

The use of nitrates has been proposed to speed the oxidation of sub¬ 
stances that are difficult to bum, and with this has been combined the use of 
magnesium and alumimum salts, with the dual purpose of giving bulk to 
the ash, and mmimismg the reaction of trace constituents with the crucible 
walls * In addition, the use of magnesium chlonde has been suggested to 
prevent the formation of fusible phosphate, and the attendant inclusion of 
01 game matter ** 

For matenals containing arsenic or antimony the addition of a large 
excess of an alkali has been proposed,® but the retention of the metals has 
not been found satisfactory 

Destruction of the organic matter by means of oxidising agents in acid 
media has been used successfully for some considerable time,® but, save when 
a wet process has been essential to avoid loss of volatile constituents, the dry 
method has generally been prefen'ed This, presumably, has been because 
most acid-ashing procedures required more time and attention, and because 
the large volumes of reagents employed might have introduced significant 
amounts of impunlics The high punty of modem reagents, and the 
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availability of all-glass apparatus for their further purification when 
necessaiy have, however, largely removed the latter objection. Moreover, a 
satisfactory wet-ashmg procedure will eliminate mechanical loss, retain 
volatile metals, and recover the mineral matter either m solution, or in a 
readily soluble form 

The mcreasmg importance of the accurate determination of traces of 
metals in textiles has necessitated the development of a suitable aad- 
ashing procedure, and in view of the favourable reports of Kahane,^® G F. 
Smith, “ and others on the merits of perchlonc acid for the destruction of 
organic matter, the present work was undertaken to compare this method 
with the older procedures 

Unscoured cotton yam was used m all these comparative expenments, 
but an account is also given of the behaviour of cotton cloths containing 
various finishing agents and of other textile fibres, both natural and synthetic, 
when destructively oxidised with mixtures containing perchlonc acid. Par¬ 
ticular attention was directed in all experiments towards reducing to a 
minimum the quantities of acids employed 

The fundamental requirements of an acid-ashing process are a hquid to 
saturate the reacting matenals together with an agent capable of oxidismg 
the orgamc matter completely to volatile products The agent which fulfills 
the former requirements is necessarily of low volatility and is usually largely 
unchanged by the process, though it may take some part m breaking down 
matenals resistant to the oxidising agent The oxidismg agent should be 
readily destroyed or eliminated, by volatilisation or other means, at the end of 
the process. Oxidismg agents such as potassium permanganate® and sodium 
chlorate® leaving non-volatile residues are obviously of linuted application. 

In the best known procedures the conditions are met by mixtures of sul¬ 
phuric acid with either nitnc aad or hydrogen peroxide, but in the perchlonc 
acid method the one reagent functions both as a high-boilmg acid solvent and 
as an oxidising agent Perchloric acid distils at 203° C m the form 
of the constant-boilmg mixture containing 72 per cent HClOj,” and 
possesses the unique property of being an oxidising agent only when hot and 
concentrated Under these conditions it will, for example, readily oxidise 
chromic ions to dichromate ions, although, when cold, even the concentrated 
acid will not liberate iodine from potassium iodide, the dilute acid is without 
oxidising action either hot or cold. It is unnecessary, therefore, to expel the 
excess of the acid after ashing, smce its oxidising properties are lost com¬ 
pletely when the solution is cooled or diluted for the next stage of the 
analysis 

Perchlonc acid is effective as an oxidising agent above 150° C , when 
decomposition occurs according to the equation 4HCIO4—>-2H3O + 2Cl2 + 70 . 
and the aqueous acid will react violently with readily oxidisable matter It 
IS therefore necessary to effect a preliminary oxidation of the sample under 
milder conditions, usually by the use of another oxidant,^® by dilution of the 
perchloric acid with another acid, usually sulphunc acid,^® or by the use of a 
large bulk of perchlonc acid 

When the first method is adopted, nitric acid is almost invariably used 
as the prelimmary oxidant It boils at 121° C, and, when heated with 
perchlonc acid, is expelled from the solution before the oxidising effect of 
the latter acid becomes appreciable. There appears to be no advantage, 
therefore, in effecting the prehmmary oxidaton with nitnc acid in the 
absence of perchlonc acid as advocated by some authors,'*^'® and in all the 
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experiments described in this communication perchlonc acid has been present 
throughout The use of dilute perchloric acid as the mild prehminary oxidant 
has been proposed^® on the assumption that the oxidising power of the acid 
increases in approximate proportion to the increase in its concentration 
dunng heating. This procedure has not been tried m these laboratories, but 
observatons made dunng examination of the nitnc acid method suggest that 
the onset of rapid oxidation by perchlonc acid is rather sudden, irrespective 
of its onginal concentration 

Dilution of the perchlonc acid with sulphuric acid has a moderating 
effect m the earlier stages of the oxidation. This appears to be due partly 
to chamng of the organic matter, since perchlonc acid reacts only mildly 
with free carbon In the later stages, however, the dehydrating action of 
the acid permits of an increase in temperature above that of the constant- 
boilmg mixture of peichlonc acid, and the rate of oxidation is consequently 
accelerated On account of the intense charring that occurs, and the 
undesirably large amount of acid remaining at the end of the combustion, the 
method appears to have no advantage over the use of a mixture of perchlonc 
and mtnc acids In conjunction with the latter mixture, however, sulphunc 
acid exerts a favourable influence on the course of the oxidation, by pro- 
motmg smoother boiling and by increasing the oxidising power of the solution 
m the later stages A mixture of the three acids has been found the most 
generally suitable for the destruction of materials concerned in the present 
work 

EXPERIMENTAL 

Unless otherwise stated the reagents referred to in this section are the 
followmg.—Sulphunc acid, Sp gr. 1-84 Nitric acid, Sp gr. i 42. Per¬ 
chloric acid, 60 per cent, Sp gr. i 54 Hydrogen peroxide, loo-vol ; 30 
per cent, approximately 

1. Oxidatiou of Gottou with Nitric Acid or Hydrogen Peroxide 

Procedures employing either of these oxidismg agents almost invanably 
involve the use of sulphunc acid, and, ideally, the oxidismg agent is added 
to the hot reaction mixture at such a rate that charring by the sulphuric 
acid is just prevented Under these conditions the maximum useful tem¬ 
perature of the reaction is reached, and sulphunc acid breaks down the 
sample into readily oxidisable products. 

The choice of a suitable reaction vessel has an important effect upon the 
speed and efficiency of the process. The liquid volume should be as small as 
possible, the loss of oxidismg agent by volatilisation should be minimised by 
restnctmg the liquid surface and the reco\ ery of particles deposited on the 
walls of the vessel should be facilitated by limiting the wall area to the 
minimum consistent with prevention of mechanical loss Boiling tubes 
appeared to meet these requirements most completely, and tubes 8 m x in, 
were used for all the experiments descnbed in this section 

The quantity of sulphuric acid required was governed by the need to 
satuiate the sample, and to enable the amount of liqmd to be kept small, 
compression of the cotton into pastilles^*^ was essential for samples weighing 
more than i gm Concentrated acid did not wet the sample uniformly, but 
was rapidly absorbed m a small area, and caused intense local charring 
Improved performance was achieved by diluting the acid with a mixture of 
water and oxidising agent, the latter breakmg down to some extent the 
absorbent structure of the cotton 
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Two methods of replenishing the oxidising agent during the oxidation 
were compared. In the first, the liquid was added directly to the hot reaction 
mixture from a dropping funnel, without interrupting the reaction In the 
second, portions of the oxidising agent were added at suitable intervals by 
means of a pipette, the reaction mixture being allowed to cool somewhat 
before each addition The former procedure required less attention, and 
was the more rapid for oxidation with nitric acid Dropping the acid directly 
into the reaction mixture proved supenor to allowing it to flow down the 
sides of the vessel, for although the latter minimised the danger of losses 
through splashmg, a considerable proportion of the acid was rendered 
ineffective by premature evaporation from the hot walls The second method 
was employed for oxidations with hydrogen peroxide because this reagent 
decomposed too rapidly when added to the boiling reaction mixture It was 
not necessary, however, to allow the mixture to cool to room temperature, 
a reasonably rapid rate of oxidation, without excessive decomposition of the 
reagent, bemg maintamed by withdrawing the source of heat for about 30 
seconds before each addition of the reagent, and by avoiding undue concen¬ 
tration of the acid 

More precise details of the procedures adopted are given m the following 
paragraph, and data representative of a considerable number of oxidations 
of different weights of cotton with both reagents are recorded in Tables I 
and II 

(1) Oxidation with Sulphuric and Nitric Acids 

A suitable volume of the mixed acids (Table I), followed by the com¬ 
pressed cotton, was placed in a boiling tube (p 3) clamped vertically near 
its upper end, and gentle heat was applied by means of a micro-burner The 
contents of the tube became a pasty mass, and when this began to darken 
in colour heating was discontinued, and a further quantity of nitnc acid was 
added cautiously down the sides of the tube. After the vigorous reachon 
had subsided heat was le-applied until the reacting mixture again began to 
char, when further nitnc acid was added from the funnel, the addition being 
contmued until the residual solution could be evaporated to fuming without 
chamng Throughout the process attention was concentrated on ensunng 
the presence of an excess of mtnc acid—evidenced by the evolution of brown 
fumes—^to avoid conditions that might result m loss of volatile metals.® 
Particles adhering to the walls of the tube could be recovered by cautious 
shakmg, by refluxing the residual solution, or by rinsing with small amounts 
of nitnc acid With expenence they were rarely deposited more than an 
inch from the bottom of the tube The residual liquid was almost invariably 
yellow, but the colour could be destroyed by adding about o i ml of 
perchlonc acid and boihng, it was not destroyed by hydrogen peroxide. 

(ii) Oxidation with Sulphuric Acid and Hydrogen Peroxide 

The diluted mixture (Table II) was placed in a boiling tube arranged as 
for the mtnc acid procedure The compressed cotton was introduced, 
and heat applied very cautiously until slight charring occurred At this 
point the flame was withdrawn, and the contents of the tube were allowed to 
cool somewhat before addmg a further quantity of hydrogen peroxide 
Heating was then resumed, and continued until chamng again began to 
occur, the sequence of operations bemg repeated until the solution could be 
evaporated to fummg without appreciable darkenmg To ensure the 
presence of an excess of the oxidising agent throughout the process, fresh 
additions were always made before the reaction mixture had darkened beyond 



•The Use of Perchloric Acid—Hamlin 


T347 


a chocolate brown colour. The final solutions were always colourless, but 
frequently contained residues of waxy material, presumably cotton wax, 
which proved very resistant to attack by this method. 

Table I 

Wet Oxidation of Cotton Yam by Sulphuric and Nitric Acids 


Composition of initial mixture Volume of mtnc acid Time for 

Weight added subsequently complete 

of -----1-destruc- 

sample Sulphunc Nitnc Water After first Later | Total tion 
(gm) acid acid 1 (ml) chamng addition i (ml) (mm.) 

(ml) (ml) I (ml) (ml) j 



Table II 

Wet Oxidation of Cotton Yarn by Sulphuric Acid and Hydrogen Peroxide 


Weight 

Composition of initial mixture 

! 1 

1 

! Volume of hydrogen peroxide 
added subsequently 

Time for 
complete 

sample 

(gm) 

Sulphuric 

acid 

(ml) 

Hydrogen 

peroxide 

(ml) 

Water 

(ml) 

1 After first 
chamng 

1 (ml) 

Later 

addition 

(ml.) 

Total 

(ml) 

desti 

tion 

(mm.) 

O'o ' 

1 

1 

2 

j 1 

1-5 

3-5 

30 

LQ 1 

2 

2 

3 

! 2 

2 

6 

1 40 

2-0 I 

2 

2 

3 

1 3 

7 

12 

40 

30 . 

3 

' 3 1 

3 

1 0 

11 

! 19 

45 

40 i 

4 1 

4 ’ 

4 

! 10 

12 1 

1 26 

55 

5 0 1 

0 ‘ 

5 i 

5 

: 10 

12 

27 

60 


II. Oxidation of Cotton with Mixtures containing Perchloric Acid 
Some difficulty was expenenced in the selection of a vessel 
that would permit rapid evaporation of excess mtnc acid and 
water after the preliminary oxidation, and avoid loss of 
matenal during the rapid and copious evolution of gases 
occurring dunng reaction with the perchlonc acid. Initially, 
when the safety of the reaction was m doubt, a tall 600 ml. 
beaker covered with a clock glass raised on glass hooks was 
used With a vessel of this type, however, considerable losses 
occurred, presumably as a result of spirting, and the large wall 
area rendered the complete destruction of deposited organic 
matter somewhat difficult The large liquid surface essential for 
rapid evaporation was maintained, and the wall area effectively 
reduced by the use of conical flasks fitted with removable 
necks (Fig. i) to prevent mechanical loss These necks were 
easily constructed by drawing out the end of suitable boiling 
tubes or test tubes, the approximate lengths for flasks of 

different sizes being 500 or 250 ml —7 in , 100 or 50 ml._ 

52 ' in. For very small amounts of matenal special 10 ml. 
conical flasks with necks 3 inches long were constructed. 

Analyses conducted with the aid of these vessels showed that 
mineral constituents were quantitatively retained. Compression 
of the cotton was found to be unnecessary, and quantities up ^ 
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to 5 grams of loose yam were destroyed without difficulty. Since all the 
reactants were present from the start, the rate of heating was the sole con- 
trollmg factor of the reaction. The effect of this is shown in Table III, 
When the flasks w^ere heated on a wire gauze over a Bunsen flame, the 
reaction was difficult to control, and its course m nominally identical oxida¬ 
tions varied widely The most satisfactory results were obtained by the use 
of a graded hot plate, iiin xgm. xf in., heated by a rack of five micro- 
burners placed parallel to, and about 2 mches from, one of the longer edges. 
Holes were drilled in the nuddle of each of the longer edges, and thermo¬ 
meters inserted in these holes to a depth corresponding roughly with the 
centres of 250 ml flasks standing at the edges of the plate, indicated reason¬ 
ably constant temperatures Temperatures of 200° and 325® C. respectively 
gave satisfactory results. The flasks were placed on the cooler side of the 
plate, and moved towards the hotter side as the reaction proceeded, fresh 
flasks being added as space became available. A considerable number of 
oxidations could thus be conducted concurrently 

Table III 

Destruction of 4 gm. of Cotton Yam with mixed Perchloric and Nitric Acids 


Temperature of plate under vessel (°C) . 290 250 225 200 

Time for destruction (mins ) _ . _10_15_30_^ 

(1) Oxidation with Mixtures of Perchloric and Nitric Acids 

The sample was introduced into a conical flask containing suitable quan¬ 
tities of the two acids (Table IV), an extension tube was fitted, and the flask 
placed on the cooler side of the hot plate After a short time, the sample 
commenced to react with the nitnc acid, forming a pasty mass, which was 
slowly converted to a clear, slightly green solution. At this stage the flask 
had been moved far enough towards the hotter side of the plate to cause 
the contents to boil fairly rapidly When excess nitnc acid and water had 
been expelled, the rapidly mcreased rate of ebullition, with production of 
dense white fumes, showed that the perchlonc acid reaction had commenced 
The intensity of the reaction was moderated, when necessary, by moving the 
flask back towards the cooler side of the plate When the vigorous reaction 
had subsided the flask was moved to the hottest part of the plate, and the 
residual acid was boiled until the level of condensation had reached well into 
the extension tube, which was raised two or three times at this stage to 
release the liquid held by surface tension between the tube and the neck of 
the flask. The flask was then allowed to cool somewhat, and the contents 
were diluted with water (50-100 ml.), the extension tube being nnsed and 
removed. The solution was boiled for two minutes to expel the chlorine 
hberated in the reaction, a boiling rod being used to prevent “bumpmg''. 
Typical data for a number of oxidations are given m Table IV 


Table IV 

Oxidation of Cotton Yarn by Perchloric and Nitric Acids 


Weight of 1 
sample 

(gm) 

Perchloric 

acid 

(ml) 

Nitnc 

acid 

(ml) 

Residual 

perchlonc 

acid 

(ml) 

Tune for complete 
destruction 
(mm) 

1 

1 1 

5 

! ^ ! 

I 2 0 

! 8 " 

250 ml 

2 ' 

7 

7 

3 

' 10 

y flasks 

3 

9 

10 

3 

10 ^ 


4 i 

12 

1 15 1 

5 

14 1 

1 500 ml 

5 

16 

1 18 1 

45 

; 16 j 

r flasks 
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A blackening of the soluton, due to charring of the dissolved organic 
matter, was occasionally encountered dunng this process, presumably when 
the excess nitric acid had been removed completely and before the perchloric 
acid was sufficiently concentrated to act as an effective oxidising agent. The 
darkening invanably started at the hottest side of the flask, and was fre¬ 
quently obsen^ed to radiate from a single point Swirhng of the contents of 
the flask or addihon of a small amount (o i ml.) of concentrated mtric acid 
sufficed to overcome the trouble in its early stages and avoided development 
of reducmg conditions that might have resulted in loss of any volatile metals 
present.^^ The tendency to char was diminished by prolongmg the 
preliminary oxidation with nitnc acid and as charring always tended to 
retard the reaction and to give a solution difficult to decolounse, nothing was 
gained by attempting to accelerate the first stage of the operation unduly, 
the darkening of hot concentrated perchlonc acid in the presence of organic 
matter is frequently stated to indicate impending explosion/^ but when using 
a preliminary oxidation as described the only effect of charring has been to 
make the reaction inconvemently slow. The normal speed has been restored 
immediately on dispersmg the char with nitnc acid. 

(u) Oxidation with Mixtures of PerchlonCj Nitric and Sulphuric Acids. 

The procedure was similar to that descnbed above operating in 

the absence of sulphunc acid it was found that, after the perchloric acid 
reaction had abated, the high surface tension of the residual acid caused it 
to be drawn away completely from some parts of the bottom of the flask 
unless a considerable volume remamed. This resulted m a sharp rise m the 
temperature of the bare patches with attendant nsks of cracking the flask, 
and of possible volatilisation of mmeral constituents from spray falling on 
these parts; moreover, the marked tendency of the acid to become super¬ 
heated resulted in excessive bumping Addition of as little as i per cent, of 
sulphunc acid on the volume of perchlonc acid effected a marked improve¬ 
ment and in practice it was found possible to replace by sulphuric acid a 
substantial part of the perchlonc acid not consumed in the reaction, and to 
save 10-20 per cent, of the more costly acid. This substitution, however, 
resulted m increased incidence of charrmg, which could be overcome to some 
extent, \nth the larger samples, by mcreasmg the proportion of nitnc acid m 
the reaction mixture Chamng developing dunng the reaction was dispersed 
by the methods previously given. 

T^’pical data are given m Table V 


Table V 

Oxidation of Cotton Yarn by Perchloric, Nitric and Sulphuric Acids 


Weight of 

Perchloric [ 

Nitnc 

Sulphunc 

1 1 

Residual 

Time for 

sample 

acid 1 

acid 

acid 

acid 

destructioa 

(gm) 

(ml) J 

(ml) 

(ml) 

(ml) 

(mma) 

1 

0 

3 

35 

6'5 ! 

8 1 

35 j 
60 

U 

1 

1 

1 

3 

4 

35 

101 

13 

16 

L 250 ml 
j flasks 

4 

11 

16 

1 

45 



5 

U i 

20 

1 

3 ; 

1 17 J 

r flasks 


III, The Destruction of Textile Fibres other than Cotton and of some Typical 
Finished Cotton Cloths with Perchloric, Nitric and Sulphuric Acids 

In the expenments descnbed in this section the weight of material used 
vaned between i and 3 grams and, except where otherwise stated, the 
oxidations were performed m 250-ml conical flasks fitted with removable 
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extensions as descnbed in the preceding section. Rayon, nylon, silk, and 
wool were used in the form of yam or fibre without compression. The 
finished materials included cotton cloths coated with drying oil, mbber, 
pol5rvmyl chlonde, and paraffin wax. The compositions of the acid mixtures 
most generally satisfactory for each matenal are summarised in Table VI, 
which includes the approximate times taken for complete destmction of the 
organic matter and the corresponding times for the normal dry ashing 
process. 

Table VI 

Destruction of Textile Fibres other than Cotton and of some typical Finished 

Cotton Materials 




Composition of 

Time for 

Time for 




oxidising mixture 

complete 

comparable 

dry-ashing 


Material Weight 




destruction 

Remarks 


Nitric 

Sul- 

(gm) 

Per- 

(mm) 

(hours) 



chlonc 

acid 

phunc 





acid 

(ml) 

acid 






(ml) 

(ml) 




{!) Viscose or f 

1 

3 

4 

1 

10 


HaS04 com- 

cuprammon- ^ 

2 

4 

10 

1 

15 

1-2* 

pletely replace- 

mm rayon 

3 

6 

15 

1 

18 


ablebyHClO^j 

(2) Acetate J 

1 

9 . 

3 

6 

2 

4 

1 

1-2 

10 

12 

2* 

As above! 

rayon j 

3 

9 

6 

1-^3 

15 



f 

1 

4 

4 

1 

12 


— 

(3) Nylon ^ 

2 

8 

8 

1-2 

15 

1-5* 

As abovef 

i 

3 

12 

12 

2-3 

20 


(4) Silk (rawer/ 

1 

4 

3 

1 

8 

15 

20 


Destruction 

«> 

8 

i 10 

6 

8 

2 

2-3* 

less satisfac- 

degummed) 1 

3 

3 

tory without 
HaSO* 

f 

1 

4 5 

25 

1 

10 


H2SO4 com¬ 

(5) Wool ^ 

2 

6 

6 

2 

15 

3* 

pletely replace¬ 

L 

3 

75 

10 

2 

20 


able by HCIO, 

(6) Oil-proofed/ 
cotton cloth j 

1 

2 

3 

4 

6 

9 

4 

6 

9 

1 

2 

2 

20 

25 

30 

0 5 

As (5) 

(7) Cotton r 

1 

4 

2 

1 

15 


H2SO4 must be 

cloth proofed) 

2 

8 

4 

2 

20 

1 

present at least 

with poly- 1 

3 

12 

6 

3 

25 


m the amounts 

vinyl chloride ^ 







indicated 

^8) Cotton f 

1 

35 

2 5 

1 

12 



cloth proofed -{ 

2 

65 

5 5 

1 

17 

05 

As (0) 

with rubber L 

3 

9 

10 

1 

23 


(9) Cotton f 

I 

4 

4 

1 

10 



cloth proofed 

2 ‘ 

7 

s 

1 

14 

05 

As (5) 

with paraffin ^ 

^ i 

9 

12 ; 

1 

16 


wax 

! 


) 






* Including time occupied in preparation of pastilles. 

f Titamum dioxide may be present as a delustrant, and -will dissolve fully only in the 
presence of sulphuric acid 


In the study of these reactions an attempt was made to find a mixture of 
acids which would give speed without imdue vigour, and repress charring as 
far as possible. The volume employed was to be kept at a minimum An 
mitial test was made with an excess of a mixture of nitnc, perchloric and 
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sulphunc acids, and the general course of the reaction was noted. The 
residual acid was measured and the volumes of the non-volatile acids were 
reduced to give a residue of from 2 to 4 ml when using a 250-ml. flask, which 
was increased up to 6 ml. when dealing with material substantially unattacked 
until the perchlonc acid stage of the reaction. 

A senes of tests were next performed to determine the mimmum quantity 
of nitnc acid required A deficiency was indicated by increase in the tendency 
to char during the evaporation immediately preceding the perchlonc acid 
reaction, and by an appreciable decrease in the volume of the residual acids 
Finally, the effect of vaiying the proportions of the non-volatile acids was 
investigated, with particular reference to the behaviour of the ash in the 
absence of sulphunc acid The optimum conditions of heating were deter¬ 
mined by expenence as familianty with the reaction increased 

Some compromise short of an ideal reaction was usually necessary as is 
indicated in the descnptions, and the figures quoted are those found to give 
the most satisfactory results under the conditions used 

(l) Viscose and Cuprammonium Rayons. 

These behaved identically, but differed from cotton in forming no pasty 
mass at the start of the reaction They passed readily to a clear yellow 
solution. The reacton with nitric acid was more protracted, and the sub¬ 
sequent reaction with perchlonc acid, therefore, considerably milder than 
with cotton A marked tendency to char at the start of the second stage was 
reduced by decreasing the proportion of sulphuric acid, and by heating more 
slowly 

(a) Cellulose Acetate Rayon. 

This material gelatinised in the cold acids, but dispersed on heating to 
give a clear yellow solution. There was a tendency, however, for a thin 
film of molten matenal to float upon the surface of the imxed acids, and thus 
to escape the full preliminary oxidation This charred later, giving aggregates 
that were difficult to disperse, but there was no indication of hazard (cf. poly¬ 
vinyl chloride, p 10) The trouble was minimised by moderating the 
heatng, particularly dunng the early stages of the oxidation with mtnc acid. 
The acetylation of the cellulose appeared to moderate the whole reaction. 

(m) Nylon. 

The fibre gelatinised, and dissolved in the cold acids. The nitric acid 
reaction was brisk, but the perchlonc acid reaction developed slowly, and 
was usually accompanied towards its end by chamng, and by sufficient 
foaming to necessitate the use of 5^0“nil flasks for samples weighing more 
than tw^o grams * The considerable charring was not readily dispersed by 
addition of nitnc acid, and the full heat of the plate was required to clear 
the solution This became colourless, but owing to the presence of 
titanium dioxide, a delustrant in the onginal matenal, it remained turbid 
throughout the reaction and cleared during the final refluxing only when 
sulphunc acid was present. Acetic acid vapour was evolved dunng the 
oxidaton, and a heavy deposit of ammonium perchlorate remained in the 
flask 

(iv) Silk 

The sample reacted immediately with the cold acids to form a ngid, 
structureless, yellow jelly, which broke down slowly on standing and rapidly 

frotlun tnchloroacetic acid, as suggested by Smith and Deema® did not reduce 
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when the flask was heated The reaction with nitric acid was unusually mild 
and liberation of brown fumes from the yellow solution at the start of the 
perchlonc acid reacton suggested than an appreciable amount of compound 
formation had occurred. Although vigorous, the perchloric acid reaction was 
less rapid than with cellulose, and tended to produce charring which was 
reduced by prolonging the preliminary oxidation at a relatively low 
temperature. Once formed, the charred matenal was not easily dispersed 
by nitnc acid, and Itft a yellow solution which, however, cleared fairly 
rapidly on boihng. Some product of the reaction appeared to be resistant 
to perchloric acid and the presence of sulphunc acid was found to be essential 
to obtain rapidly a clear, colourless residue Raw and degummed silk 
exhibited no significant differences. 

(v) Wool 

The wool rapidly absorbed the cold acids, with some disintegration of the 
fibre to form a yellow, somewhat gelatinous mass The material was heated 
in this condition, and after slight intumescence passed rapidly to a clear 
yellow solution which passed smoothly through the remaining stages The 
reaction with perchloric acid was somewhat bnsk In the earlier experi¬ 
ments it was noticed that on the collapse of the initial intumescence the 
matenal tended to catch fire This was traced to the presence of w^ool that 
had escaped wetting by the acids, and further trouble was avoided by 
shaking the sample with the cold acids until it was thoroughly wetted 
Charring tended to occur with increasmg sample weight, but was readily 
dispersed by addmg nitnc acid. It could be eliminated by prolonging the 
preliminary digestion at a relatively low temperature 

(vi) Oil-proofed Cotton Cloth 

Rapid reaction commenced on heating accompanied by considerable 
intumescence, which collapsed abruptly to give a dark yellow solution over¬ 
laid by oily matter. Boihng, with some frothing, continued with gradually 
mcreasing speed until the start of the perchlonc acid reaction was quietened 
by a sudden charrmg Frothing then commenced to build up again, and 
the solution cleared slowly The charnng could be dispersed readily by 
the addition of nitnc acid, or prevented by prolonging the preliminary diges¬ 
tion and increasing the amount of sulphuric or perchloric acid. A tendency 
for particles of the matenal to ignite immediately after the collapse of the 
first intumescence was traced, as with wool, to imperfect wetting by the 
aads. It was avoided by cutting the sample into fragments not exceeding 
J inch square, diluting the acids with water equal to half the volume of the 
nitnc acid used, and shaking the material thoroughly with the mixture 
before heating. Dilution with water was particularly desirable in the case 
of mixtures that did not contain sulphunc acid 

(vii) Cotton Cloth coated with Polyvinyl Chloride, 

The nitnc acid rapidly stnpped the plastic from the cloth, the former 
floatmg with little apparent change until the nse of temperature following 
elimination of the nitnc acid caused it to char. The floating charred aggre¬ 
gates were slowly destroyed by continued gentle heating and the full heat of 
the plate was applied only when the aggregates appeared to be carbonised 
completely, premature heating on the hottest part of the plate resulted in 
general charnng throughout the liquid and necessitated further additions of 
nitnc acid 

The floating plastic was found to be a source of danger. On one occasion, 
when workmg in the absence of sulphuric acid, a violent explosion occurred 
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at the perchlonc acid stage, while a similar attempt with a mixture contam- 
ing only a small proportion of sulphuric acid resulted in a mild explosion. 
Fires were encountered in other expenments in which slightly more sul- 
phunc acid was used When, however, the volume of sulphuric acid was at 
least one quarter of that of the perchlonc acid no trouble was expenenced in 
a total of thirty expenments. As additional precautions, a relatively large 
volume of mixed acids was used and the preliminary digestion in the presence 
of nitric acid was prolonged The trouble was ascribed to the sudden release 
in the later reaction, possibly by melting, of readily oxidised constituents of 
the plastic mix previously protected from the nitnc acid 

(vm) Cotton Cloths proofed with Rubber. 

Cloths contammg up to 40 per cent of proofing were used, but the amount 
of rubber was insufficient greatly to affect the course of oxidation. 

The nitnc acid reaction followed a normal course, but the rubber appeared 
to be largely unaffected, and remained as a scum on the surface. The onset 
of the perchlonc acid stage was accompanied by considerable frothing and 
some chamng The latter was not readily dispersed by additions of nitric 
acid, but colourless solutions were obtained without difficulty. Heavy white 
precipitates due to inorganic fillers were present throughout, but these did 
not appear to affect the course of the oxidation or cause serious “ bumping " 

(ix) Cotton Cloths proofed with Paraffin Wax. 

The wax was largely removed from the fabnc at an early stage and 
formed a film on the surface of the liquid This retarded evaporation of the 
acids which therefore required to be heated rather strongly to maintain a 
reasonably rapid rate of destmction Soon after the start of the perchloric 
acid reaction the wax became charred with the formation of discrete par¬ 
ticles. These were readily destroyed by the boiling acid, or even more 
readily by the addition of a few drops of mine acid, but it appeared to be 
impossible to prevent charnng without prolonging the reaction unduly. 


DISCUSSION 

When the time occupied in dissolving a dry ash is considered, the wet- 
ashing procedures using sulphuric acid and either nitnc acid or hydrogen 
peroxide are comparable in speed with normal dry methods Considerable 
attention is reqmred, however, when using nitric acid, and almost continu¬ 
ous attention with hydrogen peroxide. Moreover, both methods, and 
particularly the latter, tend to leave residues of any fat and wax that may 
be present m the onginal matenals 

Time is important in analytical work, and an outstanding feature of the 
perchloric acid procedures is their speed which is maintained even with 
matenals such as silk, wool, and acetate rayon, where dry ashing is trouble¬ 
some This, together with the wide applicability of the process, the small 
amount of attention required, and its suitability for routine work renders it 
much superior to the other wet procedures described, and makes it a senous 
rival to dry ashmg. Despite numerous instances of its safe application/^'^® 
perchloric acid is still generally regarded as a hazardous reagent, and some 
consideration of its properties and the simple precautions necessary for its 
use as an oxidant appears to be desirable 
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The concentrated perchlonc acid available commercially, namely, 6o per 
cent, or 70 per cent., is stable indefinitely, either alone, or when mixed with 
nitric or sulphunc acids. The only potentially dangerous form is the hot, 
concentrated acid, and although the exact limits of temperature and con¬ 
centration at which this becomes dangerous vary according to circumstances, 
all concentrations may be considered to be inert at room temperatures The 
hot, concentrated acid reacts violently with readily oxidisable material, 
either organic or inorganic, and when employed as an oxidant a preliminary 
partial oxidation with a milder oxidising agent, nitric acid, is necessary to 
avoid the risk of serious accidents As a safeguard against inadvertent 
omission of nitric acid, it is desirable when prepamg the oxidising mixture, 
to measure the mtnc acid first. Accidental omission of the nitnc acid from 
a reaction mixture is evidenced by immediate charrmg on heating, and 
should be dealt with by removing the flask from the hot-plate, or by diluting 
its contents with water 

Condensation of the vapour of perchloric acid on wooden laboratory 
structures, particularly fume cupboards, has been suggested as a potential 
source of danger arismg from the evaporation of residues of the acid at the 
end of the ashing process.®^ Although the acid distils under atmosphenc 
pressure as the constant-boilmg mixture containing 72 per cent of HCIO4, 
the chance of the condensate %n situ reaching a temperature at which its 
oxidising power is appreciable seems very remote. Likewise, the elaborate 
storage precautions frequently suggested for the aqueous acid are unnecessar>^ 

Safety precautions must always be taken when dealing with previously 
untried matenals A screen of reinforced glass was used throughout the 
present work for each substance under investigation until the safety of the 
reaction had been established, but in upwards of a thousand ashings of the 
vanous matenals used, only one senously violent reaction was encountered 
(see p. 10) It cannot be too strongly emphasised, however, that perchlonc 
acid can, and will, react violently under certain conditions, and no attempt 
should be made to use it on untned matenals without a thorough under- 
standmg of its properties. Once a given reaction has been carefully studied 
and reduced to a routine procedure demonstrably free from hazard, it may 
be confidently left to semi-skilled workers who must, however, be warned of 
the dangers of departing from the prescribed conditions 

The occurrence of reducing conditions at certain stages of the reaction, 
which may lead to loss of certain mineral constituents should be remembered 
when appl5nng the procedure. The critical period lies between the expulsion 
of the nitric acid and the commencement of the perchlonc acid reaction, and 
its development is associated with the appearance of charring at this stage 
Kahane^^ has observed loss of arsenic in this manner and the author, loss of 
antimony (unpublished work). Methods of overcoming the reducing con¬ 
ditions have been considered m the expenmental section 

SUMMARY 

The use of perchlonc acid m the wet oxidation of textile material has been 
shown to be supenor to the use of the more classical reagents in speed and 
convenience In many cases the procedure is supenor to the dry methods 
normally employed. 

Simple and safe procedures have been evolved for the wet destruction of 
a number of diverse textile matenals, and the principles governing the 
employment of perchlonc acid have been discussed. 
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2i—THE ESTIMATION OF FATTY MATTERS IN WOOL 

By E. W Clark and W L Thomas 

{Copyright hy the Textile Institute ) 

An account of an investigation into the natures and methods of estimation 
of the fatty matters normally present on wool dunng its processing, the errors 
and sources of interference therein, and the conclusions reached in the light 
of the results. 

Introduction 

The importance of the amounts of the different fatty matters which may 
be present on wool, whether as natural fats or artificial additions, can hardly 
be over-emphasized They play a critical part dunng almost eveiy stage of 
processing as is well known, confinnation being afforded by the volume of 
literature published on the subject 

Portions of this literature, however, tend to be contradictory m nature, 
and indeed, the methods practised over the whole field of analysis of fatty 
residues on wool seem to lack uniformity For instance, whilst the Com¬ 
mercial Scour Test is still the standard recognised by the industry for the 
estimation of total fatty matter, the solvent extraction method is probably 
more widely employed The latter method itself suffers from the disadvan¬ 
tage that there is no standard solvent, or even procedure, in general use 

The present work, therefore, was undertaken wath a view to investigating 
the different methods which can be employed, and elucidating the natures of 
the various fatty matters which have to be dealt with, in order to find the 
methods of estimation which are most suitable for general use. 

In the first place, the fats normally encountered can be broadly classified 
mto three groups — 

(1) Residual fats denved from wool grease 

(2) Added lubricating oils 

(3) Soapy residues. 

The effects of residual wool fat and added oil on the processing and 
general attributes of wool need no discussion here The soap residues, 
however, which are actually the alcohol-soluble matters which remain on 
wool after mitially removing true fats by another solvent such as diethyl 
ether, must also have comparable effects by virtue of their own unctuous 
and sticky nature It may therefore be thought somewhat strange that their 
estimation is not generally requested to anything like the same extent as that 
of the true fatty matters. This may be because the proportion of them is not 
subject to the same degree of control as are the proportions of added oil and 
residual wool fat, but it is later shown that the soap residues are intimately 
bound up with the estimation of the other fats, and their importance is 
thereby considerably enhanced 

A survey of some of the hterature published to date follows 

Woodmansey^ first extracts fatty matter from wool by means of petroleum 
ether. This process is followed by short immersion of the wool in boiling 
I per cent hydrochlonc acid solution, squeezing and air-diymg The 
liberated fatty acids present on the dried wool are then extracted with ether, 
and their eqmvalent as soap calculated If any oxidised fatty acids are 
hkely to be present, Woodmansey recommends methylated ether in place 
of petroleum ether for the initial extraction of fat 
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HummeP and Maercker and Schulz'^ extract raw wool with ether and 
remove what they term soluble oleates by shaking the ether with water 
They repeatedly extract the fat-free wool with cold distilled water, adding 
the extracts to the washings separated from the ether Thirdly, the wool is 
extracted with alcohol, and the '‘oleates"' thus dissolved are added to the 
aqueous solution. The total amount of oleates m these bulked extracts is 
determined, after which the wool is treated with dilute hydrochloric acid to 
split up earthly oleates not previously removed The acidified wool is 
washed, dned and then extracted m succession with ether and alcohol From 
these solvents, on evaporation, oleic acid is obtained corresponding to the 
onginal earthly oleates. 

King^ says the petroleum ether used m Hummel's method extracts notable 
quantities of soap, which he suggests is composed of acid soap His own 
procedure is to perform an imtial extraction of a wool sample with petroleum 
ether for the purpose of removing oil, this extract being examined for soap 
by boiling with distilled water and titrating with N/io hydrochlonc acid 
The sample is then extracted for 5 to 6 hours with hot alcohol to remove 
soaps, the solution being filtered and evaporated The soap content is esti¬ 
mated from the amount of N /10 sulphunc acid needed to acidify (against 
methyl orange) the alcoholic extract dissolved in water. Following this, the 
acidified solution is shaken with ether to remove all fatty matter, and the 
latter recovered by evaporation of the ether In this recovered fatty matter 
the total fatty acids are estimated by titration of their solution in alcohol 
with N/10 caustic potash or soda King estimates calcium (as oxalate) in 
the aqueous solution which results from the soap estimation 

The method of Trotman® is to extract fat by petroleum ether Extraction 
for three hours with absolute alcohol follows, which is said to extract sodium 
and potassium soaps. From this alcoholic extract fatty acids are obtained by 
acidification and extraction with ether. The acid used in acidification is 
measured and the soap content calculated therefrom. After this treatment 
calcium and magnesium soaps are supposed to remain on the wool, and are 
estimated (as fatty acids) by soaking the sample in dilute hydrochloric acid 
for one hour and extracting with ether in Soxhlet apparatus 

Gilmore® recommends benzene or carbon tetrachlonde as a solvent for 
oleate soaps and a mixture of benzene / alcohol (9/1) for stearate soaps He 
finds, as did Woodmansey,^ that in extracts of soap an excess of fatty acids 
over alkali prevails, and attributes this to partial hydrolysis of the soap 
residues dunng extraction He also finds, in agreement with Trotman, that 
even after extraction of wool with alcohol small amounts of soap still remain 
absorbed, but suggests that these are not calcium and magnesium soaps and 
owe their non-extraction to the nature of their fatty acid components, which 
(he says) are possibly of the oxidised type 

Successive ether and alcohol extractions are also employed by Von 
Bergen,' who finds that oxidation reduces the amount of ether-solubles, but 
gives simultaneous increases m the alcohol-soluble matter 

Ryberg® extracts fat by a two-hour treatment with ethyl ether, and soaps 
by a subsequent six-hour extraction with 95 per cent alcohol Residual 
calcium and magnesium soaps are estimated by a third extraction with 
formic acid-acidified ethyl ether An overlapping effect between ether and 
alcohol is suggested, ether removing unoxidised and oxidised oils, together 
with some hydrolised fatty acids, alcohol removing oxidised oils, soap, higher 
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alcohols and free and estenfied sterols In addition he gives an analysis of 
some soap residues extracted by alcohol. 

The foregoing will, no doubt, give some idea of the complexity of the 
problems which have to be faced in this work, at least from the point of 
view of the solvent-extraction method The Commercial Scour Test is dis¬ 
cussed separately, later in the paper 

It IS apparent that the estimation of all fatty or fat-containing substances 
on wool IS essentially a three stage process. In the first place true fats such 
as residual wool fat and added oils are determined, this process being fol¬ 
lowed by removal of the alcohol-soluble soap residues and, finally, the 
estimation of any alcohol-insoluble soap residues still remaining on the wool. 

These three stages are now discussed in turn 

Estimation of Total Fatty Matter 

The term “Total Fatty Matter,'* when used with reference to wool, is 
normally understood to represent the true fats, such as wool fat and added 
oil, as opposed to soaps. 

The general procedure for estimation of the Total Fatty Matter by solvent- 
extraction is to employ a Soxhlet apparatus, about 10 gms. of wool being 
extracted for the period considered suitable (usually 2 to 3 hours) with a 
solvent, usually diethyl ether. Some workers make use of a Soxhlet thimble, 
while others dispense with this and instead filter the ethereal solution before 
evaporation and weighing of the diy residue of fats. In addition to this 
non-uniformity, diethyl ether, as has been previously mentioned, is not a 
general standard for the solvent. Smce the solvent to be used must be the 
first consideration, five of the most likely ones have been extensively 
compared 

The Effect of Varying the Solvent 

Four samples drawn from the same wool top were submitted to extrac¬ 
tion with different solvents, the weight of each sample being 10 to 12 gm 
and 120 ml. of solvent being used in each case The rates of extraction 
were adjusted so as to be as nearly equal as possible, with an average penod 
of syphoning of about 2 mmutes. 

No Soxhlet thimbles were used, the solutions being filtered before 
evaporating and finally drying the residues, first for ten minutes in an air 
oven at 105-110® C., and finally in a desiccator 

The top was an Australian 64s quality, combed m B.M (Blended 
Mineral) Oil. 


Table I 



Dichloro- 

i 

1 

Diethyl 

Petroleum 


ethylene 

Chloroform 

ether 

ether 

« 1 




(40-60X) 

Fat extracted 
after 3 hours 

Free fatty acids 

4 034% 

3 970% 

3 721% 

3-627% 

(as oleic) 
in extract 

8 83% 

9 35% 

7 75% 

S 77% 


In order to ascertain whether the type of combing oil had any effect, the 
expenment was repeated on a wool top, combed in Class Control Oil, 
but otherwise of a similar typQ Also, acetone was substituted for dichloro- 
ethylene in order to extend the range of solvents. 
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Table 11 



Acetone 

Chloroform 

1 Diethyl 
ether 

Petroleum 

ether 

Fat extracted 
after 3 hours 

3 798% 

3 788% 

3 516% 

3 363% 

Free fatty acids 
(as oleic) 
in extract 

6 340/0 

6 40% 

4 27% 

2 05% 


From the two sets of results, the type of combing oil appears to have no 
significant effect, Accordmg to which solvent is used, however, a markedly 
different result is obtained 

The petroleum ether extract is, in each case, the least in amount This 
may be largely explained by the insolubility in petroleum ether of certain of 
the wool grease fatty acids, since up to 39 per cent of these can be present 
in the oxidised state ® In addition, oxidised acids are hkely to be present in 
the added oil where the combing is not of a very recent date, and such 
oxidised fatty acids are known to be insoluble in petroleum ether. The 
relatively low percentages of free fatty acids m the petroleum ether-extracts 
are in agreement with this theory, and although they alone do not prove it, 
more evidence is forthcoming later 

In view of this incomplete extraction when petroleum ether is used, it is 
rather surprising that some workers still prefer it. Actually, in the two cases 
quoted above, the difference between the petroleum ether and diethyl ether 
extracts is of the order o i to 0*15 per cent, only, but in general much larger 
differences have been encountered, of the order 0 2 to 0-3 per cent. 

An exceptional case, an Australian Menno wool in the scoured state gave 
the following results: — 

Table III 

Fatty matter (extracted by petroleum ether) , 0*53% 

Fatty matter (subsequently extracted by diethyl ethei) _ 0*49% 

Here, in order to avoid error due to uneven distribution of fat on the 
wool, the same sample was used in each extraction, the diethyl ether treat¬ 
ment bemg subsequent to that of petroleum ether. 

In the case of raw or greasy wools, there is usually an even larger per¬ 
centage of fat which can be extracted by diethyl ether following an initial 
petroleum ether-extraction 

The wool used for the tests in Table JII, when examined in the greasy 
state, gave the following results: — 

Table IV 

Fatty matter (extracted by petroleum ethei) 14 54% 

Fatty matter (subsequently extracted by diethyl ether) _ 0 90% 

The three solvents, acetone, dichloroethylene and chloroform, are each 
seen to give more extract than either of the other two, and, moreover, the 
extracts are higher in free fatty acids. This fact might, of course, be merely 
due to certain constituents of the fats being less soluble in either ether than 
the other three solvents, but this does not seem a very likely explanation, 
since diethyl ether especially is a very good solvent for fats in general 

A suggested explanation of this phenomenon is given later under the next 
heading 
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Influence of the Time of Extraction 

Since the time for which a sample is extracted is plainly important, a 
tnal was carried out using the same four solvents and general procedure as 
before In this case, however, the respective fatty matter extracted by each 
solvent was estimated after regular intervals in an attempt to determine 
when the extractions were completed The wool was a 64s blend combed in 
B.M (Blended Mineral) Oil, the following results being obtamed — 

Table V 


Solvent used 


Per 

centage of e 

xtract durin 

g 


1st 

Period 

(lihrs) 

2nd 
Period 
(1 hr) 

Srd 
Period 
(1 hr) 

4th 

Period 
(1 hr) 

5th 
Period 
m hrs) 

Total 
Extract 
(6 hrs) 

Diethyl ether 

3-720 

0 090 

0 016 

0 026 ' 

0 030 

3 880% 

Petroleum ether 

3 609 

0 013 

0 007 

0 005 

0-006 

3 640% 

Chloroform 

3 801 

0130 

0 060 

0 016 

0 046 

4 052% 

Dichloroethylene 

3 756 

0 078 

0 034 

0 030 

0 030 

3 028% 


These figures show that the extractions were virtually complete after 
about 3 hours. Over the total period tested, however, none of the extractions 
reached absolute completion, with the possible exception of the case of 
petroleum ether. A more or less constant small amount was extracted by each 
solvent during the last three penods 

This might have been due merely to constituents of the fat being only 
slightly soluble m the solvents, but an explanation considered to be much 
more likely was that hydrolysis of the soap residues still on the wool was 
taking place This was in agreement with Ryberg's findings, but further 
confirmation was desired 

From the same wool as was used in Table V expenments, four more 
samples were taken, as large as could possibly be accommodated in the 
Soxhiet extractors 

Each was extracted for 2^ hours with one of the four solvents, and the 
percentages of extract determined The same samples were then extracted 
with their respective solvents for a further penod of five hours, and the 
secondary extracts determined 

Table VI 


! 

Dichloro- 

ethylene 

Chloroform 

1 

Diethyl 

ether 

Petroleum 

ether 

Initial extract 

3 825% 

3 865% 

3 657% 

3 643% 

Free fatty acids (as oleic) in 

extract 

6 12% 

8 66% 

6 06% 

3 11% 

Secondary extract 

0-141% 

0-163% 

0 109% 

0 049% 

Free fatty acids (as oleic) in 


secondary extract 

50 99% 

53 80% 

64 00% 

74 20% 

Unsaponifiables in secondary 

extracts 

33 52% 

36-22% 

31 00% 

— 


The unsaponifiable matter in each secondary extract was determined by 
boiling the fat, under reflux, for 3 hours with 25 ml. of N/i alcoholic 
caustic potash, driving off the alcohol and taking up the residue in water 
The aqueous solution was extracted three times with diethyl ether and the 
bulked ether-extracts washed with distilled water until no longer alkaline to 
phenol phthalein The ether was evaporated to obtain the tmsaponifiables 
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The unsapomfiables in the secondary petroleum ether extract were not 
determined, due to the very small amount of fat available 

A second set of extractions was later earned out in exactly the same way 
but using a 60s quality wool top combed in Class "A'' Control Oil, and 
substituting acetone for dichloroethylene These results were as follows — 

Table VII 



Acetone 

Chloroform 

Diethyl 

ether 

Petroleum 

ether 

Initial extract . 

4 098% 

4*090% 

3 661% 

3 566% 

Free fatty acids (as oleic) in 



3 41% 

1 72% 

extract 

6 94% 

6 96% 

Unsapomfiables in extract 

16 10% 

15 89% 

13 38% 

12 90% 

Secondary extract 

0 134% 

0 143% 

0 064% 

0*049% 

Free fatty acids (as oleic) in 

62 20% 

69 18% 

60 86% 

87 00% 

secondary extract 

Unsapomfiables in secondary 

37*77% 

36 79% 

28 25% 


extract 

— 


These results are extremely interesting and significant. In the first place, 
m both sets of results the percentages of the individual imtial extracts are 
seen to be in roughly the same ratio as those shown in Tables I and 11 . The 
percentages of free fatty acids also vary in a similar manner. 

The secondary extracts are more important, however. They are seen to 
consist largely of free fatty acids, which is reasonable confirmation of the 
hypothesis that they arise from hydrolysis of the soap residues. Equally 
important, however, is the fact that the secondary extracts contain quite 
large proportions of unsapomfiable matter. This substance, although not 
chemically examined, had the physical characteristics similar to unsaponi- 
fiable matter derived from wool fat —i e the wool fat alcohols 

It will be noted that the free fatty acids and unsaponifiable matter in 
each secondary extract together total well over 80 per cent Most of the 
unsapomfiables, therefore, must be present in the secondary extract as free 
alcohols, with only a small proportion combined as esters This is made 
even more certain by the fact that the actual percentages of free fatty acids 
must be higher than the calculated ones shown, these having been deter¬ 
mined by titration with standard alcoholic potash and calculated as oleic acid 
(molecular weight 382) Since a rough estimation of the mean molecular 
weight of the actual acids has shown it to be well over 300, the figures as 
oleic are below the theoretical ones. 

The existence of these alcohols in the secondary extract is not very sur¬ 
prising Most wool fat denvatives have a strong affinity for other fats and 
soaps, and it is a difficult matter to separate a mixture of wool fat and fatty 
acids quantitatively. In the case above, the wool fat alcohols must be con- 
tamed in the soap residues by virtue of a mutual affinity, and when some 
fatty acids are removed by a combination of hydrolysis and extraction they 
carry with them a proportion of the alcohols 

With regard to the initial extracts from the wool, it is seen from Table 
VII that acetone and chloroform (and presumably dichloroethylene also) 
each extract a larger amount of unsaponifiable matter from the wool than 
diethyl or petroleum ethers This may be explained by the correspondingly 
larger content of free fatty acids m both the acetone—and the chloroform— 
extract These free fatty acids have been presumably hydrolysed and 
extracted from the soap residues, and have brought with them some entrained 
wool fat alcohols, thus raising the total contents of unsapomfiable matter in 
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the extracts in question In this case it should be noted that the extracts con¬ 
tain the residual wool fat from the wool, which itself jnelds unsaponifiable 
matter (roughly 50 per cent by weight) dunng saponification of the extracts 

From all the results obtained so far, out of the five solvents tested, 
petroleum ether is apparently the one which causes least hydrolysis of the 
soap residues dunng preliminary extraction of the true fatty matters. The 
next best solvent from this point of view is diethyl ether, whilst dichloro- 
ethylene, chloroform and acetone all cause a larger degree of hydrolysis. A 
final choice as to the most suitable solvent is, however, given later in the 
article. 

With regard to the hydrolysis which takes place, since all the solvents 
used were carefully dried beforehand, the source of the trouble is indicated 
to be the natural moisture present in the wool samples. 

This IS confirmed by the earlier work of Ryberg, who extracted, by 
means of ethyl ether, the fatty matter from two samples of a scoured wool. 
One sample was extracted at normal condition, t.e , roughly 14-5 per cent 
moisture content, whilst the other sample was oven-dried before extraction 
On the average he found that an oven-dned wool sample gave about o -1 per 
cent smaller extract than one at normal conditon, which is in accordance 
with hydrolysis being eliminated or largely reduced by the oven-drying. 

Even should this be so, however, drying before extraction can hardly be 
recommended for general work, since it is bound to cause some oxidation of 
the fats on the wool, especially where an oxidisable combing oil is present. 
Other means of diymg a wool sample, such as by vacuum and desiccants at 
room temperature would be a long and inconvenient process, and it seems 
as though for general working a small amount of hydrolysis must be 
endured, being mimmised by the use of anhydrous solvents 

Soap Residues 

Some discussion of these has already taken place, and from the literature 
quoted it can be seen that considerable work has already been devoted to 
them by the workers mentioned. 

The proportion of these residues on wool can be quite considerable, and 
IS usually higher than the percentage of residual wool fat. Various estimates 
of the limits of the percentages of soap found have been given, usually of 
the order of 0-75 to i 0 per cent. 

The present authors, however, from a large number of tests, have found 
that the soap residues can he between o 4 to i 3 per cent on a wool 
top or scoured wool without undue difficulty being encountered in processing 
Of course, residues as high as 1*3 per cent, are comparatively rare, and, as 
quoted above, 0*75 to i-o per cent is probably the average figure 

With a raw wool, there is a comparatively very large proportion of 
alcohol-soluble matter, this being anything up to 3 or 4 per cent. Most of 
this matter is removed, however, during scounng of the wool 

In order to determine the full extent of the effect of the soap residues 
upon the estimation of fatty matter, the experiments quoted in Tables VI 
and VII were taken a stage further The wool samples used in these tests, 
after being dried of solvent, were each extracted by means of absolute alcohol 
in the Soxhlet apparatus for 5 hours. 

In the case of Table IX, the extracts, after weighing, were re-dissolved 
in neutral alcohol and free fatty acids determined by titration with N/io 
alcoholic potash, against phenol phthalein. The alcohol was evaporated off 
and the residues dissolved m distilled water A little sulphuric acid was 
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added and each boiled for a few minutes until the soaps appeared to be 
completely split out, as judged by the clarity of the aqueous and greasy 
layers. After washing the solutions into separating funnels, the aqueous 
layers were thoroughly extracted by ether, the latter being then washed 
several times with water and finally evaporated to recover the fats These 
recovered fats were submitted to further examination, as shown below 

In the case of Table VIII, the alcohohe extracts were not examined 
beyond determinations of their respective contents of free fatty acids 

Table VIII (continued from Table VI) 


Wool previously extracted with 



Dichioro- 

ethylene 

Chloroform 

Diethyl 

ether 

Petroleum 

ether 

Total alcoholic extract 

Free fatty acids (as oleic) in 

0 749% 

0 584% 

0 868% 

1022% 

extract 

5-27% 

3 66% 

3 81% 

8 22% 


Table IX (continued from Table VII) 



Woe 

)1 previously < 

extracted witb 

L 


Acetone 

Chloroform 

Diethyl 

ether 

Petroleum 

ether 

Total alcoholic extract 

Free fatty acids (as oleic) in 

0 625% 

0 474% 

0 893% 

1*108% 

extract 

Total fats isolated from extract 

4 59% 

5 31% 

6 00% 

7 77% 

by H2SO4 

Free fatty acids in isolated fats 

72 23% 

76*42% 

86 04% 

83 00% 

(as oleic) 

62 41% 

49 90% 

60 24% 

58 36% 

Unsapomfiables in isolated fats 
Neutralisation value of isolated 

27 00% 

28*43% 

33 90% 

22 25% 

fats . 

Sapomfication value of isolated 

104 

99 

100 

116 

fats 

140 

132 

125 

149 


These results agree very well with the tables of which they are con¬ 
tinuations. It IS seen that the amount of alcoholic extract has a rough 
inverse relation to the amount of true fatty matter extracted at the start. 
There is also seen to be an excess of fatty acid in the soap over the alkali 
present. This fact has, of course, been noted by many previous workers, 
who have attributed it to hydrolysis, in part, of the soap during extraction, 
the alkali having an affinity for the wool (or vice versa) and being retained 
by it. 

As was found by Ryberg, the soap residues contain quite considerable 
amounts of unsaponifiable matter, which, after all, is only to be expected 
after finding unsapomfiables in the soap hydrolysis products That some of 
this unsaponifiable matter, presumed to be wool fat alcohols, is present in 
the soap residues combined as esters, is indicated by the differences between 
the neutralisation and saponification values. It should be noted, however, 
that some of these differences might be accounted for by the presence of 
lactones in the fatty acids. These are prevalent in wool fat®*^® and are not 
affected by cold alcoholic potash They are, however, broken down during 
the saponification process and form soaps, thus being represented in the 
sapomfication value, but not m the neutrahsation value 
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In the instance of the petroleum ether, the ratio of fatty acids to unsaponi- 
fiables m the recovered fats from the soap is relatively high, which is a con¬ 
firmation of the non-extraction by petroleum ether of oxidised or some other 
type of fatty acids These remain in the soap residues and are extracted 
later by alcohol. 

It has been stated by various workers that some of the soap residues 
were soluble in diethyl ether, and that extraction by the latter did not, there¬ 
fore, 3field a true figure for the total fatty matter Over several tests, how¬ 
ever, the present authors have failed to detect more than a trace of actual 
soap in a fat extracted by diethyl ether There are, of course, the hydro¬ 
lysed fatty acids from the soap, and these make a subsequent alcohol 
extract correspondingly smaller. It seems likely that a misinterpretation of 
this phenomenon has given nse to the above-mentioned belief that actual soap 
was extracted. 

With regard to the alkali portion of the soap residues, a typical sample 
of such residues obtained after initial extraction by diethyl ether was ignited 
and 12-50 per cent of ash thereby obtained This ash was analysed, with 
the following results: — 


Silica (SiOa) .... . . 2 97 % 

Iron, Aluminium, etc. (as oxides) . 1 49 % 

Calcium (CaO) . * . 2 - 71 % 

Magnesium (MgO) . ,. 0 49 % 

Potassium (K2O) . . . . . . 5 07 % 

Sulpliates (SO3) ... . , 5 - 94 % 

Chlorides (Cl) . . . . trace 

Sodium (NajO, by difference) , . 81 - 33 % 


The soap is indicated from the above to consist largely of sodium salts, 
with only a relatively small content of potash and other metals. The exact 
origin of the soaps has not been pursued in this work, but they are believed 
to be natural soaps derived from the wool grease. The fatty acids, at any 
rate, bear no resemblance to those of the soaps used in scouring the wool 

Soaps Insoluble in Alcohol 

As will have been gathered from the literature quoted at the beginning 
of the article, some of the soap residues are not extracted by alcohol. Pro¬ 
cesses involving acidification and a second extraction were suggested for 
removing these. 

Accordingly, m order to carry this work to completion, further tests were 
made on the wool samples already extracted with solvents and alcohol 

The wools, after drying free from alcohol were immersed for two mmutes 
in boiling 2 per cent, hydrochlonc acid, rinsed, wrung out and air-dned. 
Each sample was then extracted with a imxture of 85 ml diethyl ether and 
35 ml. absolute alcohol for four hours The results are shown below. 


Table X (continued from Table VIII) 



Wool previously extracted by alcohol and 


Dichloro- 

ethyleue 

Chloroform 

Diethyl 

ether 

Petroleum 

ether 

Total matter extracted by 
ether/alcobol . . . 

Tree fatty acids (as oleic) in 
extract 

0-251% 

47-35% ! 

0 167% 

68 02% 

0-220% 

54 43% 

0 296% 

32 41% 
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Table XI (continued from Table IX) 



Wool previously extn 

Lcted by alcoh 

ol and 

Acetone 

Chloroform 

Diethyl 

ether 

1 Petroleum 
ether 

Total matter extracted by 
ether/alcohol 

Free fatty acids (as oleic) in 
extract 

Unsaponifiables in extract 

0*329% 

51 13% 

12 16% 

0 252% 

44 63% 

16 36% 

0-224% 

63 19% 

14 13% 

0 203% 

62 37% 

6 61% 


A quite appreciable amount of some substance is thus left on the wool, 
even after treatment with both a fat solvent and alcohol 

As to the composition of this matter, no definite opinions can be formed 
on the above evidence alone The free fatty acids and unsaponifiables 
estmated in it do not add up to anywhere near 100 per cent , and even 
assuming the unsapomfiables to be onginally estenfied with an equal weight 
of fatty acid (as in wool fat) there is still a large discrepancy 

The most likely explanation is that the fatty acids are either of high mole¬ 
cular weight or are composed largely of lactones or inner anhydrides. 

It is a matter of some interest that even in these last traces of soap left 
on the wool a proportion of unsaponifiable matter is still found. This 
demonstrates the truly remarkable affinity between wool fat compounds and 
other fatty bodies. 

Later work than the above has shown that these soap residues, classed as 
being insoluble in alcohol, are actually soluble to a small extent, or, at any 
rate, their hydrolysis products are. 

A sample taken from a normal wool top, scoured with soap and alkali 
and combed in Class Control Oil, was extracted with diethyl ether for 
3 hours It was then subjected to extraction with absolute alcohol, the 
extracted matter being isolated and weighed after definite intervals: — 



After 

After 

After 

After 


2 hours 

4 hours 

6 hours 

8 hours 

Total alcoholic extract . 

1 14% 

1-26% 

1-31% 

D37% 


It is apparent that small quantities of some substance are being extracted, 
even after 8 hours extraction with alcohol 

As a further test, two more samples of the same wool top were de-fatted 
with diethyl ether and extracted with alcohol for 5 hours. One sample only 
was then immersed for 2 minutes in boiling 2 per cent hydrochloric acid, 
nnsed, squeezed and air dried, both samples being finally extracted for 
4 hours with a mixture of 85 ml. ether and 35 ml. alcohol The following 
results were obtained. 



Final ether/alcohol extract 

Free fatty acids (as oleic) 
in extract 

Acid-treated wool 

0 191% 

62 29% 

Untreated wool 

0 125% 

34 17% 


A large proportion of the residue is thus seen to be obtainable without a 
preliminary acid-treatment. Seemingly, if an alcohol-extraction were carried 
on long enough all these last traces of soap would be removed (largely as 
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hydrolysed fatty acids) without an acid-treatment, but this treatment speeds 
up their removal. What seems definite is that they should be included in an 
estimaton of the total soap residues, since they clearly belong to this class 
of impurity 

Summary and Conclusions 

The impunties generally found in wool may now be enumerated in 
greater detail:— 

(a) (i) Wool fat esters, free fatty acids and free wool fat alcohols 
(2) Added oil; 

(b) Soaps soluble in alcohol, with entrained wool fat derivatives, 

(c) Soaps almost msoluble in alcohol, with entrained wool fat derivatives 

Most of the group {a) bodies can be removed by treatment with a suitable 

solvent. Some of the wool fat alcohols and a smaller amount of the esters, 
however, are retained on the wool by reason of an affinity between them and 
the soap residues. Also, dunng extraction of fats of group (a) some hydro¬ 
lysis of the soap residues occurs, and the hydrolysed fatty acids are simul¬ 
taneously extracted, bringing with them a further small amount of wool fat 
esters and alcohols 

By subsequent treatment with alcohol group (6) soaps are extracted, 
there being entrained and extracted with them a considerable proportion of 
wool fat alcohols and some esters Dunng extraction, hydrolysis of these 
soaps continues, the alkali portion being retained by the wool and the 
extracted soaps thus containing an excess of fatty acid portion 

To extract the remaining group (c) soaps from the wool, a treatment with 
acid as previously descnbed is recommended, followed by further extraction 
with an ether / alcohol mixture. These soaps, or rather fatty acids, contain 
what are presumably the last traces of wool fat denvatives which were on 
the wool 

The extraction of fatty bodies from wool is seen from the foregoing to be 
extremely comphcated. No clear cut separation of all the various sub¬ 
stances can be obtained due to strong mutual affinities The most that can 
be done, apparently, in general work is to classify the substances into three 
somewhat arbitrary groups. 

(a) True fatty matter, solvent extracted, 

(b) Soap residues, etc , alcohol-extracted; 

(c) Insoluble soap residues, etc , ether/alcohol-extracted 

These three estimations will give a useful knowledge of the state of the 
■wool and, of course, in special cases, further information can be obtained 
by more detailed examination of the three extracts 
Choice of Solvent: Summary 

On the whole, the most generally satisfactory solvent for the initial 
extraction of fatty matter is indicated to be diethyl ether Petroleum ether 
must be discarded due to non-extraction of certain of the fatty acid com¬ 
ponents of wool fat, whilst acetone, dichloroethylene and chloroform all 
appear to cause a greater degree of hydrolysis of the soap residues than 
does diethyl ether. 

King' stated that petroleum ether extracts notable quantities of soap, but 
this would not appear to be the case from the results of the present work, 
the soap residues estimated after preliminary extraction with petroleum 
ether being larger in amount than those resulting from the use of any other 
solvent tested. Whether or not soaps are extracted, however, the ments 
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of petroleum ether do not outweigh those of diethyl ether, which has been 
shown not to extract appreciable amounts of soap as such. 

In addition to the above work some short tests were made using benzene, 
but tins appears to offer no advantage over any of the other solvents, and 
suffers from the disadvantage of being difficult to boil sufficiently rapidly 
for use in a Soxhlet apparatus on a steam bath. 

The ether used should, of course, be anhydrous and free from alcohol so 
as to cut down any soap hydrolysis to a minimum. Comparative experi¬ 
ments have been earned out by ffie authors using dry ether and ether con- 
taimng varying amounts of water, and it was found that the water content 
had a pronounced effect, m extreme cases causing over 0*2 per cent error 
in the fatty matter extracted For the estimation of group (6) substances 
the use of absolute alcohol seems to be generally established, while for 
extraction of group (c) the authors prefer the use of a mixture of diethyl 
ether and absolute alcohol in a ratio of 85/35. The preference for this mix¬ 
ture is to ensure extraction of acids which might only be soluble in one of 
the two liquids 

The grade of diethyl ether used m general work has the following 
specification — 

Boiling lange—^34-36° C 

Specific gravity—0 720-0 724/15 5® C. 

Non-volatile matter—^Not more than 0*002 per cent. 

Moisture—Not more than o 05 per cent. 

General Remarks 

The use of corks as opposed to ground glass joints has been shown by 
King to be unsatisfactory Apart from possible leakage or contamination of 
the corks due to their porous nature they were shown to contain some matter 
which IS ether-soluble, leading to erroneous results when used for the pur¬ 
pose in question. 

In order to get reproducibility and uniformity of results, it is desirable 
that standards should be fixed for all such points as above, including sizes 
of apparatus and sample, time and rate of extraction, purity of solvent and 
items of general procedure, such as drying of the residue and whether or not 
thimbles are used dunng the extraction. 

On the whole, there seems to be no serious reason why such standards 
should not be evolved and applied universally, so as to make the method 
uniform throughout the textile trade and profession. 

The Commercial Scour Test 

This has been mentioned before as being still widely employed m the 
trade for the estimation of fatty matters on wool 

Its principle, it may be bnefly mentioned, is to weigh a quantity of wool, 
usually 8 ozs , at natural condition and again in a bone-dry state. The 
wool is then scoured by hand m a senes of wash-bowls (usually two), finally 
rinsed in a third bowl of clean water and then weighed again bone-dry The 
difference in weight or loss between the two bone-dry weighings is calculated 
as a percentage and termed Fatty Matters, etc ** 

There are no generally recognised standards for the compositions of the 
detergent liquors, although individual workers may have their own standard 
working particulars It is often considered sufficient merely to have a 
reasonable excess of detergents present, without accurately weighing them. 
The method is recognised as giving results which differ to a somewhat 
variable extent from those of the ether-extraction method, and it was con- 
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sidered desirable to include in the present investigation some companson 
between the two methods 

The standard procedure adopted for the scounng tests herein described 
was as follows* — 

No 1 Bowl 20 gm best potash-olive soap T dissolved in 5 litres 

8 gm anhydrous sodium carbonate j water 

5 minutes immersion at 120°F. 

No. 2 Bowl 8 gm soap , . \ dissolved in 6 litres water 

3 gm sodium carbonate j 

3 minutes immersion at 115-120°F. 

No 3 Bowl Clean water rinse. 

3 minutes immersion at 110®F. 

Some normal wool tops were taken and the individual Gross Scour Losses 
determined. Diethyl ether-extractions were earned out on duplicate samples, 
followed by determmation of the respective alcohol-solubles. The results are 
shown below, the tops in this case all being combed m B M (Blended 
Mineral) Oil. 

Table XII 



1 

Sample Number 


1 

2 

3 

4 

Gross Scour Loss 
(Fatty matters, etc) 

Fatty matter 
(ether-extracted) 
Alcohol-soluble matter 

3 363% 

4 040% 
M82% 

3 130% 

3 596% 

1 290% 

3 525% 

4 028% 

1 266% 

3-016% 

3-616% 

1-291% 


The Gross Scour Loss is in every case much smaller than the ether- 
extracted fatty matter. 

A similar set of results was obtained by carrying out further trials on 
wool tops which had been combed in Class Control Oil:— 

Table XIII 


Sample Number 



I 

2 

3 ! 

4 

Gross Scour Loss 

Fatty matter 

3 220% 

3 443% 

3 617% 

3*099% 

(eUier extracted) . 

3*422% 

3 645% 

3 810% ; 

3 463% 

Alcohol-soluble matter 

0*808% 

0*733% 

1*020% 

1 036% 


Here agam the Gross Scour Losses are well below the ether extractions, 
but to a smaller extent. 


It is desirable to add here, that the above figures do not form the only 
evidence of this discrepancy Many other results have been obtained from 
time to time which have practically all shown the same effect, although in 
some cases the methods showed good agreement Even durmg the period 
when olive oil was in general use by woolcombers, no satisfactorily con¬ 
sistent agreement was obtained. 

In an attempt to shed light on the source of this discrepancy a 64s 
quality wool top, combed in B M. (Blended Mineral) Oil was submitted to a 
Commercial Scour Test. The resulting scorned sliver was then ether- 
extracted under the standard conditions and finally alcohol-extracted. 
Ether- and alcohol-extractions were also earned out on a sample of the 
original top m oil. 

It is seen that a considerable proportion of ether-soluble matter remains 
on wool after being treated by the Commercial Scour Test What is more. 
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the proportion of alcohol-solubles has actually been increased by the treat¬ 
ment 



Scoured Top 

Original Top 

Gross Scour Loss . 

3 010% 

— 

Ether extract 

0 412% 

3 612% 

Alcohol extract 

M06% 

0817% 

Total 

4 S28% 

4 429% 


The ether extract obtained from the scoured wool top was examined and 
gave the following results * — 

Free fatty acids (as oleic) 56 79 per cent 

Unsapomfiables . 25 31 percent 

Melting point . . 28 0° C. 

It is thus seen to consist of roughly half free fatty acids, and on these 
grounds appears similar to the secondary ether extracts analysed in Table VI, 

% e., it appears to be largely a hydrolysation product of soap residues. The 
amount, however (0*4 per cent), is more than would be expected from a 
normal soap residue, at any rate so far as previous results have shown, and 
indicates the possibility that soaps are absorbed from the detergent liquors 
by the wool during testing This is borne out by the overall increase in 
alcohol soluble matter 

Another point of interest is the comparatively low melting point of the 
ether extract. This may be owing to its containing a small percentage of 
added oil which was not removed during the Commercial Scour Test (possibly 
due to an affinity between the added oil and other fatty matter) 

In view of the results obtained from this preliminary work, a more 
detailed set of expenments was subsequently undertaken. 

Results have been given in previous tables that were obtained by sub¬ 
jection of wool successively to initial diethyl ether-extraction, secondary 
ether-extraction, alcohol-extraction, acid treatment and a final ether/alcohol 
extraction The same lot of wool as was used to obtain those results was 
now subjected to a Commercial Scour Test, followed by a diethyl ether- 
extraction, alcohol-extraction and the rest of the sequence above, with 
examination of all the extracts obtained The results are given below For 
ease of companson the corresponding results obtained on the onginal non- 
scoured wool top are re-quoted alongside 

In the first place it is noted that the total matter extracted from the 
scoured top is over o 5 per cent greater than that from the onginal Although 
some of this difference will be accounted for by the removal of non-fatty 
matter (such as dust, portions of fibre, etc ) dunng the Commercial Scour 
Test, it can be seen from the tables that most of the difference lies in the 
matter afterwards extracted by solvents Moreover, soaps or their hydrolysed 
fatty acids are, m the mam, responsible for the discrepancy These are 
present in considerably greater amounts than before scounng, and obviously 
deposition of them on the wool has taken place during scounng These extra 
soaps retain m them the usual proportion of wool fat alcohols or esters, thus 
accounting for smaller removal of true fatty matter dunng the Commercial 
Scour Test than during ether-extraction 

In the wool tested here, the Gross Scour Loss is not very far below the 
ether extract, but it should be noted that not all of this loss on scounng is 
fatty matter. Non-fatty matters such as solid dirt, dust, etc , are also 
included in such a figure This fact is generally recognised, however, and 
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where a more accurate estimation of the net fatty matters on wool is desired 
by the Commercial Scour Test, a separate estimation of these non-fatty 
impunhes, commonly designated '' Insolubles ", is made and deducted from 
the total Gross Scour Loss. 


Top tested by Top tested by 
the Commercial diethyl ether- 
Scour Test extraction 


Total fatty matter (Gross Scour Loss) 

Total fatty matter (Diethyl ether extracted) 
Subsequent diethyl ether extract 
Free fatty acids (as oleic) in ether extract 
Unsaponihables in ether extract 


3 590% 

0 288% 
61 30% 
14 95% 



Alcohol extract 

Free fatty acids (as oleic) in extract 

Fatty matter split out by H 2 SO 4 

Free fatty acids (as oleic) in split-out fats . 
Unsaponfiables in split-out fats . . 

Neutralisation value of split-out fats 
Saponification value of split-out fats 1 

1 108% 

6 97% 

82 85% 

52 85% 

18 63% 

105 

155 

0 893% 

5 00% 

86 04% 

50 24% 

23 90% 

100 

125 

Ether/alcohol extract after acidification 

Free fatty acids (as oleic) m extract 
Unsaponiiables in extract . 

0 398% 

38 78% 

32 42% 

0 220 % 

63 19% 

14 13% 

Total matter extracted from wool 

6 384% 

4 838% 


This is not a necessarily accurate procedure, since the insolubles removed 
by a special test might not be the same as those removed during an actual 
Commercial Scour Test. 


On the whole, it seems that the Commercial Scour Test is inferior in 
accuracy to the ether extraction method There is less efficient removal 
of fatty matters due to greater retention of them m the increased 
soap residues, and this increase in soap is itself a serious source of error, 
probably being the main reason for the low results characteristic of the Com¬ 
mercial Scour Test In addition, the occurrence of vanations due to non- 
umform handling by the operator is not a very remote possibility. The 
method is certainly no qmcker than an ether extraction, and has not the 
same adaptability to the different forms of wool encountered at the vanous 
stages of processing What may be its sole advantage is that a larger sample 
is employed, reducing possible error due to non-uniform distribution of fats 
on the wool, but where results to which importance is attached are desired, 
it seems that the Commercial Scour Test should yield place to an ether- 
extraction performed under standard conditions 
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22—TORQUE-TWIST RELATIONSHIPS IN SINGLE AND 
MULTIPLE RAYON FILAMENTS 

By W E Morton and F. Peemanyer 

{Copyright by the Textile Institute ) 

The stress-strain behaviour of textile fibres under tension has been the 
subject of study by numerous workers over a considerable period, and the 
charactenstic shapes of the curves for a wide range of materials are now 
matters of common knowledge. In the case of regenerated rayons in par¬ 
ticular, the approximate locations of the so-called yield points have been 
established, so that the users of these materials may know the limits of stress 
and strain which should not be exceeded if various undesirable consequences 
are to be avoided Up to the present time, however, no corresponding 
information has been available m respect to the behaviour of fibres in tor¬ 
sion Their immediate reactions to very small strains have been measured 
by means of the torsion-pendulum test, but the results of such tests are 
completely inadequate for predicting or explaining the behaviour of fibres 
when subjected to the torsional strains commonly apphed in practice. The 
present paper records the results of expenments earned out on certain rayon 
matenals in order to remedy this deficiency 
Materials 

The materials examined weie chosen from a vaned selection of commer¬ 
cial yarns kindly supphed by Messrs. Courtaulds Ltd., and Bntish Nylon 
Spinners, Ltd., in 1944 Those used in the expenments are listed in Table I, 
together with their nominal particulars. 

Table I 


Sample 

No 

Material 

Yarn 

denier 

No of 
filaments 

Filament 

denier 

1 

Viscose " Bright , 

60 

16 

3 75 

lb 

If II 

100 

21 

4 75 

2 

Tenasco 

60 

20 

3*0 

4 

Acetate “ Natural ” 

75 

20 1 

3 75 

7 

Nylon 

45 

15 ! 

30 


Photomicrographs of transverse sections showed that all the samples 
were reasonably uniform in filament shape and dimensions, except in the 
case of Tenasco where the filament denier appeared to vary considerably. 
The deviations of the different samples from the ideal cylindrical shape have 
of course to be taken into account in any comparison of absolute torque 
values. 

As received, the materials were in the form of slightly twisted yarn on 
pim In order to secure similar initial conditions in all samples it was con¬ 
sidered necessary to bnng them all into a common unstrained state by a 
pre-treatment designed to release strains developed during the manufactunng 
processes Samples of yam about 40 cm long were first completely untwisted 
in a twist-tester and the individual filaments carefully separated with a 
dissecting needle before being fastened down at each end to a small piece of 
adhesive plaster The bands of parallel filaments were next transferred to a 
specially made frame having stnng sides shorter in length than the filaments 
themselves so that when the whole was hanging freely the specimens were 
free to contract under no greater load than that of their own weight The 
charged frame was then immersed in water at 30° C. for about 10 minutes, 
after which it was transferred to a drying oven at 103® C for a period of 
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at least 48 hours. On removal from the oven, the samples were stored until 
required in a large desiccator containing calcium chlonde, so that when 
finally conditioned before testing, all specimens reached equilibrium with 
the atmosphere from the dry side 

All the experiments descnbed m the present paper were carried out on 
specimens in equihbnum with an atmosphere of 65 + 2 per cent R.H at a 
temperature of 20 + 1° C 

Experimental Method 

The instrument employed and the manner of its use have already been 
described/ In brief, the apparatus compnses five independent torsiometers, 
each consisting essentially of three mam ^arts arranged m vertical align¬ 
ment, at the top a measuring head, at the bottom a twisting unit, and 
between them a rigid connecting link carrying an equihbnum pointer The 
connecting link and equihbnum pointer are suspended from the rotatable 
measunng head by a calibrated phosphor-bronze torsion wire of known 
length and appropriate charactenstics The specimen m turn is suspended 
from the connecting link and carnes at its lower end a small tension weight 
and light torsion bar engaging with vertical prongs mounted on the twisting 
unit which is rotated at a uniform speed by a small electric motor fitted with 
a reduction gear. The twist thus imparted to the specimen generates a pro¬ 
gressively increasing torque which is balanced by manual counter-rotation 
of the measuring head, the equilibrium pointer being maintained steadily 
in position throughout the process The angular displacement of the upper 
end of the torsion wire corresponding to the amount of twist in the specimen 
is noted at suitable intervals, and thence, from the calibration constant for 
the wire in use, the torque at various twists may be calculated. 

The experiments here reported fell into two groups: (a) those on single 
filaments of the five matenals listed in Table I, and (b) those on multiple- 
filament specimens of sample No i, Viscose of 3-75 filament denier In all 
cases, five specimens 10 cm. in length were taken from the pre-treated 
samples already mentioned and mounted in the five units of the torsiometer 
cabinet, where they were conditioned overnight before being tested at a 
straining rate of 10 turns per cm per minute The test ended when the 
contraction of the specimen raised the bottom torsion bar out of control of 
the prongs of the twisting unit, whereupon the specimen swung free It is 
thought that at this stage the condition of the specimen cannot have been 
far short of rupture 

As already noted, the readings taken were those of the angular rotation 
of the upper end of the torsion wire To convert these into net torque, i e 
torque arising solely from the applied torsional strain, it was necessary not 
only to make the obvious corrections for any small differences in length of 
the phosphor-bronze wire used in the different units, but also to make allow¬ 
ance for the untwisting couple due to the suspension weight The latter was 
determined from the energy required to lift the weight through the distance 
by which the sample contracted To this end, the shortening of similar 
specimens as twist increased was measured with a cathetometer and the 
relationship between the two quantities plotted The area under the curve 
was then measured with a plammeter and the amount of torsional energy 
absorbed by hfting the suspension weight calculated This energy sub¬ 
tracted from the total energy (area under the torque/twist curve representing 
the raw data) gave the net energy used solely in twisting the specimen 
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Results for Single Filaments 

The results obtained in the manner described are most conveniently pre¬ 
sented in the form of graphs, and these are given in Figs, i and 2 for the 
different materials examined. In addition Table II, which refers to Viscose 
3‘75 denier, is given to show how the five different specimens varied among 
themselves. The differences were not large, and similar conditions pre¬ 
vailed with the other samples. Each graph refers to the specimen chosen as 
most closely representing the average behaviour of the five. 
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Table II 

Diam of phosphoi-bionze wfre =0 00254 cm 
Suspension weight * 0 175 gm. 

Rate of twisting = 10 tiirns/cm /nun 

Material Viscose filament 3 75 den 


Toique, dynes cm, x 10“® 


Turns 






pel cm * 

Test 

Test 

Test 

Test 

Test 

IB 1 

IB 2 

IB. 3 

IB 4 

IB 5 

2 

1 34 

1 54 

1 39 

1 36 

1-28 

4 

2 36 

1 2 48 

2 32 

2 19 

2 22 

6 

2 78 

3 08 

2 66 

3-10 

— 

8 

3 09 

3 39 

2 99 

3 31 

2 86 

10 

3 35 

3 55 

3 20 

— 

3 17 

15 

3 92 

4 37 

3-78 

4 17 

3 81 

20 

4*38 

4 52 

4 15 

4 59 

4 18 

25 

4 61 

4 96 

4 45 

5*04 

4 45 

30 

4 95 

5 33 

4 75 

5 32 

4-72 

35 

5 32 

5 65 

5 05 ' 

5 81 

5 36 

40 

5 55 

5 90 

5 42 

5 92 

— 

45 

5 83 

6*22 

5 72 

6 26 

5 60 

50 

6-21 

6 56 

6 08 

6 75 

6*07 

60 

7 17 

7 00 

714 

7 65 

6-57 

70 

8 08 

8 32 

— 

8 70 

7-48 

80 

9 37 

9 26 

— 

10 26 

9-10 

90 

10 75 

10 93 

— 

11 48 

10*44 


^ Based on the initial length of the specimen 

It will be seen that these torque/twist curves were characterised by a 
sigmoidal shape similar to that exhibited by the more familiar load/elonga¬ 
tion plots. In all cases save that of nylon, three more or less distinct regions 
or sections are apparent —^An initial section, which m general can be 
regarded as a non-Hookean elastic range; eventually breaking down by 
yielding to a section where great changes of strain are accompanied by small 
changes of stress, and finally succeeded by a strain-hardening region where 
the reverse effect takes place For the ordinary viscose and acetate samples 
the yield range, apparently occurnng in the region of 6 to lo turns per cm , 
is most pronounced, while in Tenasco it is not nearly so marked In the 
curve for nylon on the other hand, there is no obvious indication that yield 
takes place at all. 

In reference to longitudinal tests, the interpretation of the corresponding 
three phases of behaviour which finds current acceptance may be briefly 
summarised as follows — 

The general deformational properties of a material are ultimately deter¬ 
mined by the balancing of externally applied forces by the reaction of the 
internal forces inherent in its molecular structure, and the nature, magmtude 
and distribution of these intra- and mter-molecular forces decide the pattern 
and stability of the whole molecular network The three-dimensional net¬ 
work of a textile substance consists of long-chain molecules which in parts, 
owing to proximity and mutual parallelism, form regions of high geometric 
order (crystalline regions), but which elsewhere, not being m such a favour¬ 
able position for strong interaction, are only randomly held and so form 
regions of partial molecular disorder (amorphous regions) 

The process of deformation of such a system is imagined to consist of 
the following phases' — 

On application of stress, potential energy is stored up by the extending 
or shearing of secondary and/or pnmary bonds This elastic deformation 
is associated with the displacement of the atoms from their position of 
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equilibnum m the potential trough On removal of stress, the 'atoms fall 
hack and regain their initial state of equilibnum, and complete recovery takes 
place This elastic deformation, the nature and magnitude of which depends 
■on the molecular constitution, will occur mainly m the amorphous fringes. 

As the strain increases, however, thermal agitation causes an increasing 
number of atoms to jump over their potential barriers and find new positions 
of equilibnum, thus giving nse to the imtial stages of structural rearrange¬ 
ment With the breaking of secondary bonds, partial lengths of the mole¬ 
cular chain will be freed and their energy will be used in straightening and 
aligning these free lengths. There is the added possibility, particularly in 
matenals like wool and nylon, of kinetic elasticity resulting from the con¬ 
tractile tendency of the molecules in stnving to return to their natural state 
of higher entropy or random arrangement. 

On further increase of stress, there follows a penod of rapid deformation 
This great increase of strain for relatively small increments of stress has been 
descnbed as structural viscosity although, for textile materials at least, the 
use of this term is apt to be misleading because it implies completely 
irreversible deformation. In this phase, a re-onentation of the whole three- 
dimensional network takes place which accounts for the greater part of the 
total deformation This mechanism is possible mainly because of the 
flexibility of the amorphous fnnges which may be imagined as forming the 
loose joints of the molecular network 

Finally, as still higher stresses are imposed, the process of re-orientation 
results in a structural arrangement better able to withstand stress, and a 
slowing down of deformation, % e strain hardening, takes place. 

In the parallel case of torsional relaxation, similar mechamsms may be 
expected to prevail although the magnitude of their effect will be different, 
depending on the anisotropy of the material. Although the sheanng or 
extending of secondary bonds can easily be imagined as exactly the same 
process m torsion as in tension, the process of re-arranging the molecular 
network, which in a tensile test takes place in the direction of the applied 
stress, is not so readily visualised in the case of torsional deformation The 
application of transverse shear forces to a loose and irregularly connected 
structure v/ill result in a very complex system of tensile and compressive 
forces acting on the consttuent elements, combined with a tendency to form 
a spiral structure which will produce contraction of the specimen as a whole 
It seems reasonable to assume that the formation of a spiral structure will 
induce a closing up of the loose and open molecular network in directions 
both perpendicular to and along the axis of the filament. In this connection, 
however, it has to be noted that the intensity of shear at a point vanes 
accordmg to its distance from the torsion axis, and consequently the 
rearrangement and resultant strainmg of the inter-molecular bonds will be 
greatest near the penphery of the filament 

For the purpose of comparisons between matenals it is therefore necessary 
to take into account any differences there may be in filament denier For 
cylindncal isotropic bodies the torque required to produce a given torsional 
strain varies as the square of the area of cross-section. On the assumption 
that the same relationship is approximately true for the materials under con¬ 
sideration, the results can be brought on to a comparable basis by dividing 
the net torque either by the square of the denier, or by the square of the 
area of cross-section calculated from the denier and the density These two 
measures will, of course, give different rankings to a range of materials 
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depending on their densities, and which of the two should be used will be 
decided by the purpose for which the comparison is required. 

In Table III are given the results for the five materials in terms of torque 
divided by the square of the nominal denier When this adjustment is made, 
the results for the two viscose materials are almost the same, except at less 
than 3 turns per cm , wherefore only one plot for Viscose (3-75 den) is 
shown in Fig 3 When density as well as demer is taken into account (see 
Fig 4), the two bulkier materials, nylon and acetate, are ranked down 
relative to the others in the resistance to strain It is interesting to observe 
from Fig 4 that at low twists the three cellulosic matenals gave almost 
identical results, sharp differentiation being evident only at strains greater 
than 4 turns per cm. The trends shown by the two plottings are sufficiently 
clear to require no further description in detail, and call only for the com¬ 
ment that the results of dynamic tests at low strains are evidently far from 
rehable guides to the torsional behaviour of fibres at the higher strains that 
are common in industnal practice. 


Table III 

Net Torque/Gross Sectional Area* 
Dyne cm /mm 


Turns/cm 

Viscose 

3-75 den. 

Viscose 

4 75 den. 

' Tenasco 
3*00 den. 

Acetate 

3 75 den 

Nylon 

3-00 den. 

1 

84-2 

121 

80 

116 

63 

2 

177 

194 

153 

167 

103 

3 

243 

269 

251 

240 

153 

4 

314 

307 

316 

325 

202 

5 

344 

352 

342 

392 

262 

6 

370 

372 

363 

449 

278 

7 

412 

368 

395 

443 

319 

8 

412 

408 

427 

463 

351 

9 

415 

408 

440 

505 

367 

10 

432 

416 

477 

508 

406 

15 

522 

464 

566 

548 

522 

20 

583 

517 

638 

582 

575 

25 

613 

554 

707 

617 

691 

30 

658 

622 

756 

650 

_ 

35 

707 

651 

804 1 

666 

768 

40 

738 

703 

842 

701 

838 

45 

776 

757 

888 

735 

916 

50 

827 

868 

926 

746 

970 

60 

954 

945 

1,120 

813 

1,112 

70 

1073 

1077 

1,298 

886 

1,170 

80 

1245 

— 

, 1,588 

995 

1,370 

90 

1430 

— 

1 1,848 

1,123 

1,603 


The angular distortion at the surface of the filament, corresponding to the 
surface angle of twist in a yam, is also of some mterest, and can be readily 
calculated on the assumption of circular cross-section Such calculated quan¬ 
tities will hold good with considerable accuracy for nylon, but less so for 
the other matenals with their irregular sections Nevertheless they suffice 
to mdicate the general order of magnitude of the surface distortion Table IV 
shows for each material the diameter it would have if of circular cross-section, 
and the calculated surface angles corresponding to 5, 10, 40, 70 and 90 turns 
per cm 

The occurrence of yield m torsion as well as in tension assumes a special 
significance m reference to the distnbution of twist in spun rayon yarns As 
has been shown, the onset of yield m the case of the cellulosic filaments took 
place when the tw^t was of the order of 6 to 10 turns per cm , and it is 
probable that similar results would be obtained for the corresponding staple 
fibres. Therefore, on any spun rayon yarn of such a count that the average 
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twist is of that order, the fibres in the thick places are likely to be at a strain 
below the yield strain, while those in the thin places are strained beyond it 
Under such conditions the dispanty in twist between the thick and thin 
places cannot fail to be accentuated 


Table IV 



Viscose 

3 75 den 

Viscose 

4 76 den 

Tenasco 

3 0 den 

Acetate 

3 76 den 

Nylon 

3 0 den 

Calculated dia /t 

18 7 

21 1 

16 7 

20 0 

19 3 

Calculated surface angle at 0 t/cm 

1 7° 

1 9° 

1-5“ 

1 8“ 

1 7“ 

„ „ „ » 10 t/cm 

3 4^^ 

3 8“ 

3 8“ ' 

3 6“ ' 

3 5“ 

„ » » 40 t/cm 

13 2° 

14 8“ 

11 9“ 

14 1“ 

13 6“ 

M 70 t/cm 

22 3® 

24 9“ 

20 2“ 

23 8“ 

23 0“ 

„ » 90 t/cm 

27 8" 

— 

25 3“ 1 

29 5“ 

28*6“ 


Results for Multiple Filament Specimens 

Composite specimens of 3-75 filament denier viscose were prepared con¬ 
sisting of 2, 3, 4, 6, 7, 8, 9, 12 and 16 filaments, the latter being the same as 
the commercial yam from which the single filaments were withdrawn except 
that it had no twist. Care was taken in the mounting to ensure that in all 
cases the lengths of the parallel constituent elements were the same, because 
uneven lengths of filament could upset the torsional behaviour of the speci¬ 
mens. Torque/twist tests were earned out on at least five specimens in each 
case, and in Fig. 5 the average values of torque are plotted against turns per 
cm. for the different numbers of filaments. 

The most striking feature of these results is that whereas initially the tor¬ 
sional resistance progressively increases with increasing number of filaments 
m the specimen, there is a critical number of filaments, namely 7, for which 
the torque drops sharply, and thereafter the resistance increases again with 
the number of components The apparently anomalous behaviour of the 
specimens consisting of 7 filaments is shown by the broken line plot. As 
can be seen, the torque at low twists falls below that of a specimen consisting 
of 4 filaments and throughout all twists it remains below that of a 6 filament 
specimen 

When the loganthm of the torque is plotted against number of filaments 
(Fig 6) a fairly good straight line fit is found for 4 filaments and below, and 
for 9 filaments and above, while there is a pronounced dip between 6 and 8 
The explanation of this behaviour is to be found in the tendency of certain 
yam structures to form a core With i to 4 components a compact structure 
is formed with no core, all the components following similar hehcal paths 
With 5 components there is a suificiently large central space to encourage 
one of them, under the mfluence of longitudinal tension, to move inwards 
towards the axis, thus breaking the symmetry of the three-dimensional pat¬ 
tern. With 6 components the tendency is more pronounced, and with seven, 
&e core space is of such a size that its occupation by one of the components 
is inevitable The addition of the 8th component should theoretically start 
the formation of a new layer, but especially since we are dealing with fila¬ 
ments that are irregular instead of circular in cross-section, it is more than 
probable that this component will sometimes tend to compete with the 7th 
for the core space inside the other six Thereafter, or so it would seem from 
the present results, the formation of the 3rd zone of filaments proceeds 
normally 

The formation of a core means that any filament which occupies_or 

goes part way towards occupying—the core position will have a shorter path 
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to follow, and being of the same length as all the others, it will therefore 
assume a somewhat buckled condition of such a kind as to diminish its tor¬ 
sional resistance about the specimen axis Any such filament, then will 
make a smaller contnbution to the total torque in the specimen than the 



others which follow a less tortuous path. This would explain the diminished 
contnbution of the fifth and sixth filament, but it still remains to account for 
the fact that the addition of the seventh filament reduces the total torque to a 
value lower than that given by six One must therefore suppose that the 
highly tortuous path followed by the seventh filament in the core position is 
suf&ciently pronounced to disturb also the helical forms of the surrounding 
SIX and so to reduce the torsional resistance of these as well 

The loganthmic relations which have been noted are, of course, no more 
than empirical Any twisted composite structure such as we have under con¬ 
sideration must be characterised by a behaviour lying somewhere between 
two extremes * (i) that of a number of components fitting perfectly together 
and adhering so that they possess no power of independent movement, in 
which case the torsional resistance would be proportional to the square of 
the number of components, and (ii) that of a number of components free to 




1380 32— Torque-Twist Relationships, etc.—Morton and Permanyer 


move and rotate in any direction entirely independently of one another In 
the latter case the torsional resistance would be the sum of the resistances of 
the individuals. In the limiting condition where the twist is so small that the 
components could be assumed to be practically straight, the resistance would 
be directly proportional to their number, but under all other conditions of 
twist, the hnear relationship is modified according to the nature of the paths 
which the different indimduals are constrained to follow A mathematical 



Fig 6 


treatment of torsional strain in "bent stnngs” has been given by Woods* 
who has shown that, for a helix, the " tortuosity ’’ is given by sin a cos a, 
where a is the helix angle There would be little profit, however, m attempt¬ 
ing to derive a general theorehcal expression for the total strain in a twisted 
^ggrega’fe of independent individuals such as are under consideration here 
In the first place it would be necessary to make the simplifying assumption 
that all the components follow a helical path, a condition which, as shown 
above cannot apply to specunens containing more than 4 filaments, and 
secondly, even though a theorehcal lower limit of resistance imght be deter¬ 
mined there are no means of knowing the extent to which this resistance is 
m practice augmented by mutual interference among the filaments As 
regards the latter we can at present do no more than advance the qualitative 
statements that the interference, and therefore the torsional resistance, will 
mcrease with twist for a given number of filaments, will mcrease with num¬ 
ber of filaments for a given twist, and will vary according to the shape and 
factional properties of the filaments concerned It can approach but can 
never reach the condihon corresponding to that of a solid rod. 

From the foregoing considerahons it is evident that fundamental work 
on the torsional ngidity of textile raw matenals must be confined to the most 
elementary form of specunen, namely, the single straight filament 
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23—FROTH FLOTATION OF FIBRES 

By J M Preston and S Saha 

{•Copyright by the Textile Institute ) 

INTRODUCTION 

Many processes have been devised for the froth flotation of mineral par¬ 
ticles The methods depend on making the surfaces of the particles hydro- 
phobic and aerating an aqueous suspension of them.^'^*®-^ The methods have 
been refined so that it has become possible to float selectively particular 
constituents of a mixture Great use is now made of selective froth flotation 
in the winning of mmerals ® Flotation methods have also been applied 
recently to the removal of organic matter from suspensions It appeared 
probable that similar methods could be applied to fibres, and that it should 
be possible to separate the constituents of a mixture of fibres and to 
investigate the hydrophobic or hydrophilic behaviour of fibres in aqueous 
media 

The principal methods in present use for the separation and analysis of 
fibre mixtures are solubihty methods/ and counting methods ® There are 
also a few less used methods dependmg on density'® and proximate 
anal3^is Many of these methods are quite satisfactoiy, but some are 
unsatisfactory or require a high degree of skill In these cases there is scope 
for improvement. It was thought that froth flotation might prove useful m 
these difficult cases. 

The flotabihty of fibres was studied at various pH values and with the 
addition of various surface active agents The effects of dyeing and a few 
other pre-treatments were investigated A broad survey was made of different 
fibres under these conditions 

EXPERIMENTAL 

The shapes of fibres are a disadvantage in separating them from one 
another by physical methods Their great length causes them to entangle 
very easily. This effect is greater the greater their length To reduce 
entanglement to a reasonably small effect the fibres were cut into short 
lengths When using a liquor to fibre ratio of about 2,000 to 10,000.1 a 
fibre length of about 0 5 to 2 mm was satisfactory. Even with these short 
lengths the fibres a:fe about one hundred times as long as they are wide 
Probably still shorter lengths would be better if there were a convenient 
method of cutting them The method of prepanng the cut lengths of fibres 
used was to fold a parallel bundle of the fibres in a piece of paper of con¬ 
trasting colour The paper was folded parallel to the fibres several times. 
Transverse cuts were made with a sharp pair of scissors sufficiently far across 
the folded paper to sever the fibres, but not to separate any piece of paper 
from the mam piece After a sufficient number of cuts had been made the 
paper was unfolded and the short lengths of fibre were shaken on to a 
suitable surface and collected together 

In the early experiments the cut lengths of fibre, after weighing, were 
placed in a 2 litre beaker containing about litres of liquor. The fibres 
were well distributed throughout the liquor by means of vigorous stirring 
with an electrically driven stirrer in the apparatus. A bent tube was arranged 
to supply air for the production of the froth required for the flotation 

With the simple flotation cell the fibres were floated to the surface by a 
stream of bubbles emerging from the end of the glass tube just below the 
stirrer. The stirrer was kept running as the air was driven into the beaker. 




2 4 6 8 to 12 pH 

Fig. 2 

The upper curve of each pair was obtained by using sodium secondary alkyl sulphate 


The motion of the stirrer broke up the bubbles and prevented premature 
settling of the fibres After a few minutes the fibres that had floated to the 
surface were skimmed off with a bent nickel spatula They were washed off 
the spatula into a weighed sintered glass filter crucible All the floated fibres 
w^ere collected in the crucible and the liquid sucked off The crucible was 
then dried and weighed. 

To avoid adventitious effects from the presence of soluble fimshing agents 
on the fibres they were given a punficahon treatment before use The fibres 
were boiled in water, except for Vinyon which was treated m water at 6o® C , 
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nnsed with further quantities and dried Afterwards they were rinsed with 
ether and dried again 




Flotation experiments were earned out at vanous pK values These were 
obtained by the use of hydrochlonc acid, acetic acid, ammonia and sodium 
hydroxide. The pH value was measured in each case with a glass electrode 
pH meter 

Flotation expenments were earned out on wool, Vinyon, cellulose acetate 
and viscose rayons, casein, silk and nylon fibres taken singly. The recovery 
by flotation of the fibres at the different pH values used is shown in the 
graphs Figs, i and 2 It will be seen that wool and Vinyon fibres, which 
float most easily, are least dependent on pH The flotability of each of the 
other fibres shows marked dependence on pH value The per cent flotation 
becomes negligible on the alkaline side for casein, silk and nylon fibres 
It is interesting to note that the flotabilities of viscose and cellulose acetate 
fibres are very low at all pH values examined It had been expected that 
the flotability of viscose would be low because of its hydrophilic character, 
but cellulose acetate is appreciably less hydrophilic. Vinyon is notable for 
being the only fibre tested in which the flotability increased towards the 
alkalme range. 

In the previous expenments no frothing agent was added and con- 
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sequently it was somewhat difficult to collect the floated fibres from the 
surface. The effect of adding frothing agents was tested next It was found 
easier to skim fibres off the surface of the froth than off the liquor itself. The 
results of expenments with casein silk and nylon fibres with the addition 
of a commercial secondary alkyl sulphate wetting agent are shown in Fig. 2 
Sufficient wettmg agent was added to give an approximately 2 millimolar 
solution in the flotation cell It will be seen that the recovery of silk is 
considerably improved in the range about pH 5-6 
Flotation of Fibre Mixtures — ^Wool and Casein 

The results illustrated m Figs 2 and 3 indicated that it should be possible 
to make a good separation of wool fibres from viscose, casein or silk fibres 
in the pH range from 10 upwards. A mixture of wool and viscose fibres was 
selected for the first separation expenments. The particular variety of each 
kind of fibres, the pH, the frothing agent and the pre-treatment of the fibres 
were aU vaned in turn 

Mono-amyl aimne, mono-butyl amine and dibutyl amine were each tned 
at pH values in the range 9 2-10 and gave fairly satisfactory separations. 
The following results, which are the mean of four separate experiments, are 
t37pical: 

A mixture of o i gm. each of chrome-dyed wool and direct-dyed 
viscose staple fibre was placed in the beaker with i 5 litres of water and 
ICC of 10 per cent mono-amyl amine 

The pH was adjusted to about 10 with ammonia. 

Recovery of fibres * wool, 96 5 per cent , viscose, 97 4 per cent 
A microscopical examination of the separated samples showed a 
slight contamination of about 3-4 per cent in each. 

Other surface active agents were tested with the object of depressing the 
flotabihty of the viscose without affecting the flotation of the wool. Quantita¬ 
tive measurements were made No improvement was found when using 
sodium caproate, sodium oleate, saponin, Lissolamine V, or Dispersol V. 
Cetyl polyglycol ether and Lissapol N were found to be helpful if the mixed 
fibres were treated with them in i per cent solution before placing in the 
flotation cell. The result of treating a mixture of wool and viscose with i per 
cent. Lissapol N before separating the fibres as described above was found 
to be a recovery of wool 99 per cent and viscose 100 i per cent (the 
figures are the means of two experiments) 

The effect of pH on the flotation of viscose fibres alone, shown m Fig 2, 
indicated that the flotation would be a maximum at about pH 5-6 and would 
fall off at higher and lower pH values These higher and lower pH values 
should therefore be best for separation from wool An examination was 
made of the amount of contamination at different pH values of the floated 
wool from wool-viscose mixtures The results are shown m Fig 4 These 
confirmed the expectations that there would be the worst separation at 
pH 5-6 and better separations at higher and lower values 

Expenments with different samples of viscose fibres* showed that there 
were differences in the ease of separating them from wool As it was known 
that pre-treatment of regenerated cellulose with dilute alkali increases the 
swelhng in water, viscoses with increasing degrees of swelling were prepared 
from the same onginal viscose by treatments with alkali It was found that 
up to about 6 per cent sodium hydroxide there was a rapid fall m the per¬ 
centage contaimnabon by viscose of the wool fibres floated to the surface. 

* Normal and '' strong commercial contmuous filament viscose rayon, and staple 
fibre viscose raj^on, and experimental viscose rayons were used 
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Abrasion of the surface of viscose fibres might also be expected to 
increase the degree of swelling by dismtegrating the skin. Samples of viscose 
fibres were abraded in vanous ways and it was found that the contamination 
of the wool fraction was less for the abraded than for the onginal viscose 
fibres 

Oven drying at a high temperature might be expected to operate in the 
opposite direction to an alkaline pre-treatment and to reduce the swelling 
Samples of viscose fibres which had been oven dried were found to float 
more readily than the original material and gave more contamination of the 
wool fraction 

A few trials with different dyes did not indicate any marked effect on the 
flotability of viscose fibres, but chrome-dyed wool appeared to float rather 
better and to separate from viscose rather better than the undyed fibres. 
The most striking effect noticed with the different wool samples tested was 
that the punty of separation was worst for laboratory extracted, degreased 
raw wool 

Rayolanda behaved similarly to viscose and gave a good separation 
from wool at pH 10 

Flotation of Fibre Mixtures—Wool and either Casein or Silk 

Mixtures of wool with either casein or silk were separated at different 
pH values with the results shown in Fig. 4 In all cases the fibres were 
given a pre-treatment with i per cent Lissapol N as descnbed earlier. It 
will be seen that a good separation is obtained at pH 10. 

Flotation of Fibre Mixtures—^Wool with Cellulose Acetate or Nylon or Vinyon 

Similar separation expenments to those descnbed for casein and silk 
were earned out with cellulose acetate, nylon and Vmyon with the results 
shown in Fig 3 It will be seen that at no pH tried was there a satisfactory 
separation. No method was found of improving the separation of Vmyon 
and wool without modifying the latter, but separations of the other two 
fibres could be improved by dyeing them with water soluble acetate dyes 
which had a depressing effect on their flotability. 

Chlorination of wool depressed its flotability sufficiently to make it 
possible to effect a separation from Vinyon It proved practicable to use this 
device to separate a wool-Vmyon mixture by first chlorinating the mixed 
fibres After this treatment the Vinyon could be floated away from the 
chlorinated wool The chlorination was done by treating the fibres with a 
solution of 3 gm /litre NaOCl (alkaline) for 15 minutes The mixture was 
then acidified and allowed to stand a further 5 minutes It was then washed, 
dechlonnated with dilute sodium thiosulphate solution and washed again. 
Separation was found to be slightly improved if the wet mixed fibres were 
dried before proceeding with the separation in the usual way 
Flotation of Different Kinds > of Wool 

Dunng the various earlier expenments it had been found that there were 
marked differences in the flotability of different wool samples.* Various 
expenments were made to find out the factors which would vary the flotability 
of wool 

As abrasion had reduced the flotability of viscose it was tested with wool 
and It was found that the greater the degree of abrasion the lower the 
flotability 

In another expenment a lock of wool was taken and the flotabilities of 

The fibres from dyed and undyed yarns and fabrics together with degreased but 
otherwise unprocessed wool samples were used 
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the root and tip ends were examined separately The root ends floated 
better than the tp ends though the ditference was not marked 

Chlorination by either wet or dry processes was found to produce a pro¬ 
found change m the flotabihty Chlorinated wool behaved much hke casein 
and could be easily separated from unchlonnated wool at pH 10. The effect 
of chlorine on wool was similar though more marked than the effect of alkali 
on viscose fibres. 

Some substances were tried to improve the flotabihty of raw wool. It 
was found that the addition of either phenol or m-cresol to the flotation cell 
considerably improved the flotabihty The results of three senes of experi¬ 
ments with two samples of degreased raw wool are shown in Fig 4. 
Flotation of Fibre Mixtures—Casein or Silk and Viscose, Rayolanda or Cotton 
The earlier results summarized in Figs 2 and 3 had shown that casein 
and silk floated fairly well at pH 4, whilst at the same pH viscose scarcely 
floated at all Moderately good separations of the protein fibres from the 
cellulosic ones could be obtained at pH 4 

Flotation of Fibre Mixtures-Vinyon, Nylon or Cellulose Acetate with other Fibres 
Vinyon could be separated fairly nearly completely from all fibres which 
did not float under alkaline conditions. 

Nylon could be partially separated from fibres that did not float under 
alkahne conditions 

Cellulose acetate could be separated partially from viscose, silk and casein. 
Velamzed cotton floated fairly well under alkahne conditions and could 
be separated from other fibres which did not float in the alkahne range. 

Use of Flotation as an Analytical Method 

As the previous expenments had confirmed the presupposition that the 
flotation method had possibilities as an analytical tool, some test 
analyses were made using the method The analyses were made on mix¬ 
tures of known composition and in many cases comparative analyses were 
made by chemical methods. 

The general procedure was as desenbed before The quantities of the 
materials used were as follows —0*2 gm. mixed fibres which were pre¬ 
treated with I per cent. Lissapol N. The excess liquor was sucked off in a 
filter crucible and the fibres placed m the flotation cell with 1-5 litres of 
water plus 25 c c of i per cent, phenol plus 0-2 c c of i per cent. Teepol X 
at pH 10. 

(1) Wool—^Viscose Union Fabric Cross-dyed. Composition reputed a 50 % 60 % 
mixture Wool Viscose 

Flotation method 43 5 % 56 3 % Means of two analyses 

Chemical method 44 5 % 65 5 % 

{ 11 ) Wool—Silk Mixture Composition 30% chrome-dyed wool and 70% undyed wool. 

Wool Silk 

Flotation method 31 2% 08 3 % 

Chemical method 30 g% 69 4 % 

\iii) Wool—^Casein Felt. Composition reputed 90 % wool and lO^o casein 

Wool Casein 

Flotation method 877 % 11*3% 

<iv) Wool—Rayolanda Mixture Composition 80% chrome-d> ccl wool and 20% undj^ed 
Rayolanda Rayolanda 

Flotation method 79 1 % 20 0 % 

Chemical method 79 @% 20 3 % 

(v) AVool—Cellulose Acetate Mixture Composition 50 % chrome-dyed wool and 50% 

acetate dyed with Cibacet Blue R 

Wool Acetate 

Flotation method 47 7 % 53*2% 

Chemical method 50 3 % 49 2% 
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(vi) Casein—Rayolanda Mixture. Composition 40% undyed casein and 60% undyed 
Rayolanda Mixed fibres dyed for 1 min. with 1% Naphthalene Red JS 
Casein Rayolanda 

Flotation method 38 5^/0 61 2% 

Chemical method 40* 1 % o9*9% 

Generally the results indicate that the flotation method gives results of 
the correct order, but that they are not quite so accurate as the chemical 
methods where the latter are available The flotation method has the 
advantage of being quicker and is probably accurate enough for many 
purposes 

Modified Flotation Cell 

The removal of floated fibres from the surface of the liquor required 
some skill and it was considered desirable to have an easier method of 
separation A cell in which the unfloated fibres could be withdrawn leaving 
the froth behind was devised The cell of capacity of about i litre was pro- 
\ided with a stopcock at the bottom and mounted on the stand of an electric 
stirrer at a sufficient height to permit a filter flask to be placed underneath 
The surrer dips into the cell and just clears a bent tube with its outlet 
immediately below the centre of the stirrer 

In use the cut fibres were placed in the cell, together with about 500 c c. 
of liquor and thoroughly dispersed with the electnc stirrer for about 15 mm 
Air was then bubbled in at the bottom by means of the bent glass tube till a 
sufficient volume of froth had been produced. The stirrer was now slowed 
to about 200 r p m to keep the unfloated fibres from settling The liquor 
uith the suspended but unfloated fibres was run out of the flotation cell by 
cautiously opening the stopcock at the bottom, into a filter crucible immedi¬ 
ately below Dunng this operation suction was applied to the filter crucible 
This removed the liquor leaving the fibres in the crucible The tap was turned 
off before any of the froth escaped The liquor was now returned to the cell and 
the cycle of operations repeated By this means most of the unfloated fibres 
were drawn off into the crucible The first crucible was now replaced by 
another one and the froth broken by amyl alcohol and ethyl alcohol and 
these fibres also were drawn off into the crucible below The crucibles and 
fibres were dried and weighed 

Trial Analyses with New Cell 

Se\eral tnal analyses were made using the new flotation cell Fibres 
(o i-o 2 gm) were transferred to a sintered glass crucible and treated with 
I per cent Lissapol N, excess of which was sucked off They were then 
transferred to the cell which contained 600 c c water plus i c c concen¬ 
trated ammoma plus 10 c c i per cent, phenol The fibres were thoroughly 
dispersed with the electnc stirrer and then treated as descnbed above The 
results of typical analyses were 

(I) Wool—Casein Mixture 

Wool Casern 

Taken 0 100 gm 0 084 gm. 

Flotation method 0 106 gm 0 081 gm 

The slight total gain in weight of fibres is probably due to differences in condition 

( II ) Wool—Chlorinated Wool (Wet process in the laboratory) 

Wool Chlorinated Wool 
Taken . 0100 gm 0 100 gm 

Flotation method 0 110 gm 0 090 gm. 

(ill) ViNYON—C hlorinated Wool (Wet process in the laboratory) 

Vinyon Chlorinated Wool 
Taken 0100 gm 0100 gm 

Flotation method 0 090 gm 0 109 gm 
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Conclusions and Discussion 

Hydrophobic fibres such as wool and Vinyon float well whereas hydro- 
plulic fibres such as viscose and cotton have only a slight tendency to float. 
The absence of hydrophilic groups in Vinyon appears a sufficient explanaton 
of its good fiotability With wool it is possible that the structure of the fibre 
surface has a favourable effect on the tendency of air bubbles to stick to the 
fibres 

It was observed that any treatment which favoured making the fibres 
more hydrophobic like Velamzing cotton or high temperature drying of 
viscose favoured flotation. Treatments which made fibres more hydrophilic 
like an alkaline treatment of viscose or chlorinating wool depressed the 
tendency to float 

Treatment with some amphipathic substances changed the tendency to 
float of some fibres. Phenol and cresol showed a selective effect m appre¬ 
ciably increasing the tendency of wool fibres to float out of several fibre mix¬ 
tures. Non-iomc wetting agents depressed the flotation tendency of all fibres 
Aniomc wetting agents form insoluble complexes with water soluble protein.^^ 
It was therefore not unexpected to find that sodium secondary alkyl sulphate 
increased the hydrophobic character and fiotability of silk and casein 

Dyes are known to be selective flotation agents for mineral particles “ 
Many dyes are amphipathic substances which are selectively absorbed by 
different fibres The nature of the effect of dyes on the flotation tendency of 
fibres depends on whether the absorbed dye is attached to the fibre by its 
hydrophihc or hydrophobic groups. If the former, then the fibre should 
become more hydrophobic whereas if it is the latter, then the fibre should 
become more hydrophilic There was not sufficient time available to explore 
this subject thoroughly but there were indications that dyeing the protein 
fibres and nylon with the water soluble dyes of the acid or basic types 
increased the fiotability Dyeing cellulose acetate and nylon with the water 
soluble acetate colours decreased their fiotability 

pH had a considerable effect on the flotation of most fibres with the excep¬ 
tions of wool and Vinyon which floated well throughout the range tested and 
viscose which scarcely floated in the same range The general shapes of the 
flotation —pH curves were similar to those which have been reported in the 
literature for mineral particles A companson of the flotation —pH curves 
of fibres with the corresponding electrokmetic potentials'® showed no correla¬ 
tion This agrees with the statements of Wark^ and Adam® for mineral 
particles 
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24 -the effect of temperature in the scouring of 

MERINO WOOL ON SUBSEQUENT PROCESSES 
By P. P. Townend and W. Tweedie 

[Copyright by the lextile Institute ) 

When wool is to be spun it must first be scoured to remove the impurities 
which adhere to it, viz , wool wax, suint and earthy matter. These are 
removed by passing the wool through a senes of wash bowls containing 
solutions of soap and sodium carbonate heated to certain temperatures. For 
menno wool, the temperatures of the liquors in succeeding bowls usually 
range from 125® F m the first, to 100® F in the fourth or final bowl The 
object of the present paper is to demonstrate how the temperature of the 
scounng liquors affects the behaviour of the wool dunng its conversion into 
worsted yarn. 

EXPERIMENTAL. FIRST SERIES. 

Scouring 

Three 15 lb lots of 64s greasy Australian matchings were drawn from 
the same blend and labelled Ai, Bi and Ci These were taken to a scounng 
machine which consists of two bowls, each having a capacity of 300 gallons 
Squeeze rollers are placed at the end of each bowl so that the wool passes 
from the one to the other automatically Propulsion m each bowl is by the 
swing harrow system. The object was to subject each lot to a four bowl 
scour usmg a different temperature range in each case but the same concen¬ 
tration of scounng agent. In order to achieve this it was necessary to pass 
each batch twice through the two-bowl machine Throughout each test the 
concentration of the scouring liquor remained the same in each individual 
bowl for all three lots of wool These data are given in the following table. 



Concent: 

ration of 


Soap 

Sodium Carbonate 

Bowl 1 

0 14% 

0 06% 

Bowl 2 

0 14% 

0 06% 

Bowl 3 

0 07% 

0 03% 

Bowl 4 

— 

— 


The temperatures of the bowls were, however, varied as follows. 


Temperature for 


1 

Lot AI 

Lot Bl 

Lot Cl 

Bowl 1 

125° F 

150° F 

180° F 

Bowl 2 

120 ° F 

144° F 

173° F 

Bowl 3 

115° F 

138° F 

166° F 

Bowl 4 

110 ° F 

132° F 

159° F 


Dunng scounng the following procedure was adopted The two bowls 
were filled with water to their capacity and the necessary amounts of soap 
and sodium carbonate added to the side settling tank By means of a steam 
injector the contents of bowls one and two were raised to 125® F and 120® F , 
respectively, at the same time the scounng agents were allowed to circulate 
through their respective bowls by the normal pump system When these 
temperatures were reached lot Ai was fed to the machine and passed through 
the two bowls After delivery by the squeeze rollers of the second bowl Ai 
was collected and stored m a can. 



T 30 O 


24 —The Effect of Temperatuye in the Scouring of Menno 

Immediately after lot Ai had passed through the machine more steam 
was injected into the water in the bowls and the temperatures raised to 
150° F. and 144® F. Lot Bi was then passed through the machine in a 
similar manner to Ai; being collected as it emerged from the squeeze rollers 
of the second bowl 

After lot Bi had passed through the machine more steam was injected 
and the temperature of the liquors were raised to 180° F and 173® F Lot 
Cl was then passed through the machine and collected as before. 

Immediately after lot Ci had passed through the machine both bowls 
were emptied and clean water was run m Further scouring reagents were 
then added to bring the solutions up to the required concentrations for the 
third and fourth bowls of the scounng set, the last bowl in this case being 
left as a clean water nnse 

When the agents had been added, the solutions in the bowls were raised 
to the required temperatures for the third and fourth bowl scours of lot Ai 
Lot Ai was then removed from the can, in which it had been stored, and 
passed through the machine as before. After emerging from the machine 
the w’^ool was collected and replaced in the can 

The water in the bowls was then raised to the required temperatures for 
the third and fourth bowls of lot Bi, which was passed through as before. 
Finally the water was raised to the temperatures required for lot Ci which 
was likewise passed through and collected m a can. 

All the scouring operations formed an unbroken sequence, the whole 
procedure taking place in the same morning 

During scouring, samples of the liquors from the various bowls were 
collected in small specimen bottles and subsequently tested for pH value. 
This procedure was intended to act as a check on the strengths of the 
different solutions The results are given in the following table 



pH 

Lot AI 

pH 

Lot BI 

pH 

Lot Cl 

Bowl 1 

10 27 

10 27 

10 00 

Bo\U 2 

10 38 

10 38 

10 37 

Bowl 3 

10 43 

10 41 

10 41 

Bowl 4 

9-29 

9 65 

9 66 


These figures illustrate that all three lots of wool were, so far as pH is 
concerned, scoured under similar conditions 

Samples of wool were also taken as each lot emerged from the vanous 
bowls Ether and alcohol extractions were made on these samples using 
the Soxhlet apparatus These serve to demonstrate the amounts of impurity 
remaimng on the different batches of wool and it will be seen that each was 
scoured down to a commercial level 


Details are given in the followmg table: 



Lot 

AI 

Lot 

BI 

I^t Cl 

Ether 

Extract 

% Alcohol 
Extract 

% Ether 
Extract 

% Alcohol 
Extract 

% Ethel 
Extract 

% Alcohol 
Extract 

Bo^\l 1 

2 05 

1 16 

1 68 

0 94 

2 15 

1 22 

Bowl 2 

0 73 

0 20 

0 41 

1 00 

0 49 

1 32 

Bowl 3 

0 54 

0 86 

0 43 

1 01 

0 42 

1 20 

Bowl 4 

0 30 

0 77 

0 33 

0 93 

0 35 

' 1 19 


11^ 
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Carding 

After lot Ci had passed through the last bowl all three lots were taken, 
in the cans m which they had been collected, to the botany worsted card. 
No drying operation was performed, the wool being carded at the moisture 
content at which it left the squeeze rollers of the last bowl of the scounng 
set. 

Lot Ai of the scoured wool was then placed in the hopper of the card, 
which in turn fed the wool to the carding machine. This is a 30 inch wide 
card having two swifts and four hckers The clothing on the swifts is 120, 
10, 32 and 140, 12, 34, respectively, swift speeds being 118 r.p m 

The wool was dehvered from this machine in the form of balls In all, 
approximately 8 lb of wool was carded from lot Ai, 

When the last lot of wool from lot Ai had been delivered by the hopper 
the machine was allowed partially to run off Lot Bi was then placed into 
the hopper. When the sliver emerging from the card became thick it was 
then considered that lot Bi was passing through the card, and that lot Ai 
had run off completely Lot Bi was then collected. 

When the hopper was emptied of lot Bi it was followed by lot Ci in the 
same manner that Bi had followed Ai 

Since the wool was carded in the damp state, samples of each lot were 
taken from the feed sheet of the card at regular intervals and placed in air 
tight containers. This wool was subsequently tested for moisture content by 
drying in a conditioning oven. The following figures were obtained. 



Lot Al 

Lot BI 

Lot Cl 

Regain 

53 o^/q 

53 9% 

52 0% 


It will be seen that all three lots were carded at approximately the same 
moisture content. 

Gilling and Combing 

The slivers were dehvered from the card weighing 336 drams per forty 
yards After carding lot Ai was gilled with six ends up and a draft of three 
on a strong box having 12 pins per inch. As the wool emerged from the 
strong box it was subjected to a conditioning action. The object of this 
gilling operation was to effect a mixing and parallelising of the fibres 

Lots Bi and Ci followed in turn and were each subjected to the same 
treatment. 

All three lots w^ere then passed twice through an intersecting gill box 
The fallers of this machine had 18 pms per inch and the wool was gilled with 
four ends up and a draft of approximately six This treatment gave a sliver 
weight of 40 drams per 5 yards desired for the combing operation 

Twelve slivers of lot Ai were then fed to the French comb The top 
sliver was collected in a can and the noil deposited in the noil bin When 
lot Ai had been combed the top and noil were both collected and weighed, 
so that the tearage in combing could be calculated The same procedure 
was adopted for lots Bi and Ci The figures for tear are given below* 


Lot 

Tear 

Al 

15 2 1 

BI 

1 13 3 1 

Cl 

! 10 6 1 
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Lots Ai, Bi and Ci were then passed through a finisher gill box three 
times with four ends up and a draft of four giving a top weighing 256 drams 
per 40 yards. The pinmng of the fallers on the finishing gill box was 18 
pins per inch 

Drawing and Spinning 

The three tops made from lots Ai, Bi and Ci were then drawn and 
spun, A short drawing process was purposely chosen to emphasise any 
irregulanties and weaknesses due to the different treatments in scouring. 
The scheme of drawing is set out m the following table: 


Machine 

Doublings 

Draft 

Wt /40 yds 

Spindle gill 

4 

64 

160 drams 

First finisher 

1 

4-7 

34 

Second finisher 

2 

50 

13»6 

Reducer 

2 

50 

6’5 „ 

Rover 

2 

50 

22 „ 


The three.lots of rovings were then cap spun to 40s worsted count and 
14 turns per inch The draft employed during spinning was 4-7 and the 
spindles of the frame revolved at 6,000 r.p.m. 

Tests were then earned out on the various slivers and yarns These will 
be discussed m the next section. Before going on to this section, however, 
it will be more convement if the subsequent expenmental work is described 
at this stage 

Experimental work is always difficult with such a variable material as 
raw wool One can never be sure that the effect of any vanable, such as the 
temperature in scounng, can be clearly shown by one series of experiments, 
for there are so many other processing variables which might also affect the 
matenals and mask the effect of that particular one under consideration. 
For this reason then, the whole expenmental work was repeated on a second 
batch of wool drawn from the same source as the first 

EXPERIMENTAL. SECOND SERIES. 

Scouring 

The expenment was repeated in precisely the same manner as before with 
three further 15 lb lots of similar wool, this time labelled lots Aa, Ba and 
Ca Once again samples were taken of the various hquors during scouring, 
which were subsequently tested for pH value The results were as given 
below. 



pH 

pH 

pH 


Lot A2 

Lot B2 

Lot C2 

Bowl 1 

10 16 

10 07 

9 95 

Bowl 2 

10'09 , 

10'G6 

10 00 

Bowl 3 

10 20 

10 28 

10 21 

Bowl 4 

7 69 

8 40 

8 61 


These figures indicate that all three lots of wool were again treated at 
approximately the same pM in the various bowls 

Samples of the wool were again taken from each bowl dunng scounng 
and were extracted, as in the previous expenment, with ether and alcohol in 
the Soxhlet apparatus. The results of the tests are given in the following 
table 
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Lot 

A2 

Lot B2 

Lot C2 


% Ether 

% Alcohol 

% Ether 

% Alcohol 

% Ether 

% Alcohol 


extract 

extract 

extract 

extract 

extract 

1 extract 

Bowl 1 

2 61 

1 70 

1 86 

1 40 

3 10 

1 15 

Bowl 2 

106 

2 10 

0 41 

2 05 

0 38 

1 66 

Bowl 3 

0-41 

0 93 

0 44 

— 

0 42 

! 

Bowl 4 

0 54 

— 

0 40 

— 

0 45 

1 - 


Carding 

After the last lot had been scoured the wool was transported to the 
worsted card as before and once again carded in the wet state, immediately 
after scouring. The routine followed during carding was precisely the same 
as in the first experiment 

Samples of each lot were taken from the feed sheet at regular intervals 
dunng the carding operation and subsequently tested for moisture content 
by drying in a conditiomng oven The results of the tests are given in the 
following table 



Lot A2 

Lot B2 

Lot C2 

Regain 

■- ^5 - 

31% 

28% 

26 6% 


Gilling and Combing 

After carding the three lots of wool were then processed as in experiment 
one, with the same doublings and drafts as before They were then combed 
in turn on the French comb, giving the following tears * 

Lots A2, Bs and C2 were then finished into the form of a top as in 
experiment one 


Lot 

Tear 

A2 

12 2 1 

B2 

10 8 1 

C2 

82 1 


Drawing and Spinning 

The three tops were again taken to the open drawing machinery and 
reduced to roving form in the same manner as in expenment one, using the 
same drafts and doublings 

The rovings were then spun to 40s count with 14 turns per inch in the 
same manner as lots Ai, Bi and Ci. 

TESTING PROCEDURE 

Carded Slivers 

It was hoped that two facts might be established from the carded slivers, 
VIZ., the extent of fibre breakage and the degree of nep formation in carding 
which might be attnbuted to the different temperatures used in scouring 

To carry out these tests, nine two foot sample lengths of sliver were 
chosen at random from each of the three card balls 

From lot Ai nine tufts of approximately 250 fibres each were diawn 
using the Townend Tong Method^—one tuft from each two foot length—and 
measured by forceps to the nearest centimetre From these figures the mean 
fibre length and the standard deviation of each tuft was calculated This 
test was repeated for lots Bi, Ci, A2, B2 and C2 The results of these 
measurements are given m Tables I and II, whilst the fibre length distribu¬ 
tions are shown in Figs i and 2 




Percentage Frequency Percentage Frequency 
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The two foot lengths were then, in every case, cut into halves and from 
lot Ai nine one foot lengths were taken and examined for nep content 
When the neps had been counted the nine one foot lengths were put into 
separate packages and conditioned for 48 hours at 65° F. and 70 per cent 
R.H.— the object of conditioning being that all results would be comparable 
by weight, being at the same humidity Each foot length was then weighed 
in turn and the number of neps per gram of sliver calculated 

A similar procedure was adopted for lots Bi, Ci, A2, B2 and C2 

It was subsequently found necessary to repeat the nep counts on the 
second halves of the slivers belonging to lots Ai, Bi and Ci since a 
difference arose between the results for the two senes The figures for neppi- 
ness are given in Tables I and II 

Top Examination 

Representative samples were selected from each of the different lots of 
tops and a further fibre length determination was made, again using the 
Townend Tong Method. Three tufts of approximately 250 fibres each were 
measured m each case The fibre diagrams arc given m Figs 3 and 4, 
whilst the mean fibre lengths are shown in Tables I and II 

Testing of Yarns 

From each lot twelve full bobbins of yarn were spun to 40s worsted 
count with 14 turns per inch These were conditioned for 24 hours at 
65° F. and 70 per cent R H , after which they were tested for strength 
From each bobbin, two 300 yard hanks were wound on a 54’inch reel and 
tested for strength on a Goodbrand's testing machine Since there were 
twelve bobbins in each lot, the average strength of each yarn was obtained 
as a mean of 24 tests. These figures are given in Tables I and II 


Table I 
First Series 




j 

Lot AI 

Lot BI 

Lot Cl 

3IeaiL fibre length of card slivei, cm 


62 

68 

5‘8 

Standard deviation, cm 


29 

29 

28 

Mean neps per gram in card slivei 

{ 

5 6 

34 

42 

33 

49 

38 

Tear in combing 

15*2 1 

13-3 1 

10 6 1 

Mean fibre length of top, cm 


7 5 

70 

6 5 

Standard deviation, cm 


2 9 

2 9 

28 

Mean breakmg load of yam (l/40s woibted 




14tpi) lb 


69 3 

__ 6j 1_ 

58-2 


Table II 
Second Series 



Lot A2 

Lot B2 

Lot C2 

Mean fibre length of caid slivci, cm 

62 

66 

52 

Standard deviation, cm 

30 

29 

2*9 

Mean neps per gram in caid sliver 

4 5 

66 

80 

Tear m combmg 

12 2 1 

10 8 1 

82 1 

Mean fibre length of top, cm 

76 

7-0 

68 

Standard deviation, cm 

30 

3 1 

3*0 

Mean breaking load of yarn (l/40b worsted 
141 p 1 ) lb 

69 7 

_721_ 

641 
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quoted foi nepb per gram of shver are so small, one cannot draw any con¬ 
clusion from them. 

A consideration of the results obtained in the second senes confirms the 
conclusions drawn from the first senes Fibre breakage in carding, the tear 
in combing and the mean fibre length of the tops all agree with the findings 
of senes i There is a difference between the figures as a whole, for tear, 
in that senes 2 gave slightly smaller tears, but the order is the same 

Two differences exist between the two senes, in that the pH values of the 
last bowl of the second series were more in line with industnal practice than 
the first senes, and secondly, the moisture content of the wool going to the 
card was considerably lower, but these differences do not appear to have 
influenced the particular tests made on the lots of wool 

SUMMARY 

Three batches of 64s Australian wool were washed by a four bowl scour 
using the same concentration of scounng agent, but with different ranges of 
temperature These vaned between i25°-iio°F, 150''-130° F and 
180^-159*^ F for the three wools 

Tests were made for fibre breakage and nep formation dunng carding, 
tear in combing, fibre diagram of the three tops and yarn strength after 
spinning. These revealed that the wool scoured at the lower temperature 
range suffered considerably less breakage in carding, gave a better tear in 
combing and a greater mean fibre length in the top There was no sigmficant 
difference in neppmess of card web between the three lots. 

A second senes of expenments confirmed these findings 

As regards yarn strength the results of the two series were conflicting and 
It was not possible to relate temperature in scouring to this property of the 
yam 
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25 —RAPID METHODS FOR DETERMINING THE 

CUPRAMMONIUM FLUIDITY OF COTTON CELLULOSE 
By F. Howlett and (the late) D. Belward 

{CopyngM by ibe Textile Inetftieie ) 

INTRODUCTION AND SUMMARY 

Largely by reason of the pioneer work of the British Cotton Industry 
Research Association^’^ the cuprammonium fluidity of cotton is currently 
regarded as a valuable index of chemical degradation. For special purposes, 
however, improvements to the method are needed At present a determina¬ 
tion takes about twenty hours to complete, and although Clibbens and 
Geake^ record fluidity data obtained after shaking the solution for two hours, 
this does not seem to have been pursued Without doubt the control of 
many chemical processes for treating cellulose would benefit by a rapid 
method which retained the accuracy of standard practice. A satisfactory 
modification for viscose rayon has already been suggested by Ridge and 
Bowden ® They show that the rayon can be dissolved rapidly, and serious 
oxidative degradation avoided, by shaking with cuprammonium without 
precautions to eliminate air. The solution is then transferred to the visco¬ 
meter and the whole process completed in about half an hour Recently the 
same method has again been pioposed,'^ this time for degraded celluloses of 
chain-length below 1,000 glucose units Admission of air to cuprammonium 
solutions of cotton itself was, however, found to be detrimental It appears 
feasible to assume that given some means of preventing this degradation the 
dissolution of the cotton could be accomplished rapidly. Such a means has 
already been provided by W. A S. White and T N Richardson® who found 
that the degradation occurring when cuprammonium solutions of linen are 
filtered could best be prevented by the addition of pyrogallol They do m 
fact suggest that the reagent might prove valuable in special applications of 
the fluidity method to cotton It has been successfully used heie foi a 
method m which the cotton is dissolved by hand-shaking for ten minutes 
in an mcompletely-filled bottle. Though the method is applicable to air-dry 
cotton the mam emphasis here is on wet cotton when the above dissolution 
technique is preceded by a drying process in which the sample is first washed 
with acetone and then dned in a hot air stream for two minutes. The 
whole operation (termed Method I) occupies rather under half an hour. 

The other method of approach to this problem is to dissolve the damp 
cotton m cuprammonium, to determine the moisture content separately, and 
to use some relation between concentration and viscosity for conversion of 
the results to ^ per cent, concentration. Though some a-| hours are required 
to obtain a result this method has advantages in that normal oven-drying is 
used, and that the filtration essential in Method I is eliminated The recal¬ 
culation of a result obtained at some arbitrary concentration to that at ^ per 
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cent* concentration is facilitated by a nomogram. This latter device is of 
course valuable in normal fluidity work when, say, insufficient matenal is 
available J. R. Womersley® has previously designed a nomogram based on 
the Farrow and Neale equation.’' This equation, however, has two con¬ 
stants which can alter with the cotton® and Womersley's nomogram is 
restncted to the conversion of results from 2 per cent, to J per cent concen¬ 
tration, which is nowadays seldom, if ever, required. 

The methods described here are merely extensions of the estabhshed 
B.CI.R.A techmque, and the latter was used for checkmg the results 
obtained. It is stressed that only loose cotton has been considered, although 
there is no reason to doubt the application to normally-fimshed fabrics. 

EXPERIMENTAL 

The viscometers and cuprammonium solvent are those recommended by 
the Bntish Cotton Industry Research Association,^*’® whose experimental 
procedure is also followed for the most part except for the modifications 
described here These shorten the time required to obtain a fluidity result 
It is assumed that representative sampling is adhered to and that the 
cotton IS hand-opened. 

Method 1 : Experimental Instructions 

The principle used is first to dry the cotton and then to prepare from it 
a solution of exactly J per cent, concentration using a degradation inhibitor 

(i) Remove the water from about i g. damp cotton by washing with 
three changes of acetone. 

(ii) Remove excess acetone by squeezing and dry for two minutes in 
a current of air at about ioo° C 

(hi) Weigh about o* 2 g. of the dry cotton into a 2 oz glass-stoppered 
bottle and add to it, from a burette or measunng cylinder, enough 
cuprammonium to give a \ per cent solution (o *5 g dry cotton in lOO 
c c solvent) Alternatively weigh exactly o 25 g cotton quickly and 
add 50 c c cuprammonium Finally add from a dropping bottle six 
drops (about 0*3 c c ) of a solution containmg 50 g. pyrogallol in 100 c c 
water. 

(iv) Shake the bottle vigorously for ten minutes. 

(v) Filter the solution into the viscometer through a fritted glass 
pressure filter of porosity No. 2, and determine the fluidity at 20° C 
The following explanatory comments on these instructions include details 

of sahsfactorily established techmques. 

Two types of hot-air blower have been used for the drying One was a 
commercial hair-dner, the other, with which all recorded results were 
obtained, was a more robust apparatus mounted on a base-board and made 
by Messrs Reynolds and Branson Ltd The cotton was contained loosely m 
a small cylinder of copper gauze which fitted over the air ]et from which 
issued 20 cu ft /per minute Where compressed air is available a simple 
alternative is to pass a slow stream over an electric heater element or through 
a gas-heated metal tube. A preliminary test of the drying efficiency of any 
apparatus is always desirable. 

The procedure of weighing exactly 0 25 g dry cotton, though theoretically 
unsound on account of absorption of water by the cotton, has nevertheless 
given accurate results 

Attempts to replace hand-shaking by high speed stimng were not suc¬ 
cessful since swollen cellulose particles adhered to the sides of the vessel above 
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the liquid level. It is possible, however, to employ a rapidly reciprocating 
shaker provided that the bottles or phials are almost full and are lying on 
their sides Even with hand-shaking it is desirable to have the bottle well 
over half-full and in this connection 2 oz bottles were found suitable and 
have been used in this work 

A hand bellows can be used for the filtration under pressure or alterna¬ 
tively suction IS possible though less satisfactory Filtration is desirable to 
remove undissolved particles that are occasionally present and which, though 
insignificantly affecting the concentration, might cause blockage of the 
viscometer capillary 

By omitting the drying step and making the usual allowance of 6 per 
cent, contained moisture the method can be used for air-diy cottons 

Method 1 ; Experimental Development and Results 

A preliminary investigation showed that two drops (about o i c c) of 
the pyrogallol solution was the minimum required to prevent degradation 
under the conditions used The considerable excess of six drops chosen for 
routine use had little effect on the fluidity of the solvent (reducing it from 
72 to 71 reciprocal poises) or on the fluidity of a cotton solution (reducing it 
from 5 4 to 5 2 reciprocal poises). This addition of pyrogallol was found 
to be completely effective in preventing degradation of the cellulose when 
the dissolution technique described above was used Furthermore it was 
found for cottons of fluidity ranging from 3 to 16 units, that it was not 
necessary to shield the solutions from the light dunng their preparation and 
thus white glass bottles are permissible for this purpose In this connection 
it IS of interest that the solutions themselves become black on addition of 
the p5n:ogallol 

No increase in fluidity occurred on leaving the solution to stand in day¬ 
light for some hours provided the bottles remained stoppered. Even after 
standing for 24 hours the fluidity of a solution increased only from 5 2 to 

58 

In tests of the application of the method to damp cottons white bottles 
were used and results for cottons of different fluidity are given in Table I 
From the companson with controls it is concluded that the method is 
adequate for mdustnal use 

Table I 


Fluidity 


Method 1 

B C I R A control 

40, 4 0 

3 1 

4 2, 4 3 

38 

4 3, 4 7 

4 1 

,7 2, 5 4 

,7 2 

5 6, 6 1 

52 

6 7, 7 0 

67 

11 3, — 

12 2 

16 0, — 

15*8 


The action of the pyrogallol is probably twofold Some of the oxygen 
present will be absorbed directly, but in addition pyrogallol rapidly reduces 
the copper in cuprammomum to the cuprous state which would then itself 

remove oxygen In this there is a similarity to a rapid fluidity method 
proposed by H Doenng® m which metallic copper was added to the cupram- 
monium before dissolution of the cellulose. 
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Method 2 : Experimental Instructions 

The pnnciple used here is to dissolve a known weight of damp cotton in 
cuprammomum, to determine its moisture content separately, and to use a 
relation between concentration and fluidity for conversion of the result to 
exactly per cent concentration This is not so rapid as Method i, but the 
relation between concentration and viscosity is itself useful in standard 
fluidity practice where inadequate amounts of matenal are available 

(i) Determine the moisture content by drying about i g, of the damp 
cotton for 2 hours at iio° C. 

(ii) Weigh accurately about o*i g damp cotton, transfer to the 
viscometer, and dissolve in cuprammomum for two hours Determine 
the flmdity at 20° C 

(ill) Calculate the dry weight of cotton used and express this as 
grams of diy cotton per 100 c c of solvent (from the known volume of 
the viscometer). Convert the fluidity to that at J per cent concentration 
using the nomogram 

The following additional notes to these instructions are necessary 
For the drying, which takes place in an oven, it is desirable to use hand- 
opened cotton in a wide shallow weighing bottle 

The speed of rotation of the wheel recommended by the Bntish Cotton 
Industry Research Association for dissolving the cotton should be increased 
to about twelve revolutions per minute, which is treble the normal rate 
For stirnng purposes the usual amount (0 7 c c ) of mercury is added to 
the viscometer. 

To use the nomogram the experimental fluidity is marked on scale A and 
the expenmental concentration on scale C The line joining these two points 
then cuts the fluidity scale B at the required value for J per cent concen¬ 
tration It IS advantageous to use a piece of thread or wire or alternatively 
a linear mark on a colourless ruler instead of drawing on the nomogram 
itself 

Method 2 : Experimental Development and Results 

The basis of this method is that there is a relation between fluidity and 
concentration of cellulose solutions which holds sufficiently for most fluidity 
work It has been previously demonstrated^® that the following equation is 
valid for cuprammomum solution of rayons 

c 

where ijr is the viscosity of the solution relative to that of the solvent, 
n has any value between 6 and 10, 

^ is a constant for each sample of cellulose, 
c is the concentration of cellulose in solution 
That this equation also holds approximately for solutions of cotton cellu¬ 
lose IS shown in Table II Here three different samples of cotton are con¬ 
sidered and the value of (t]r^^^*^~i)/c should remain constant with concentra¬ 
tion for each value of n 

The value of n was taken as 6 and the equation, when rearranged there¬ 
fore becomes 

iUifyi^-x^pc 

wffiere /o is the fluidity of the solvent, taken as 70 reciprocal poises 
and / is the fluidity of the solution 

The nomogram (Fig i) based on this relation was constnicted to appl}^ 
to cottons of fluidity from 3 to 40 in i per cent solution, details of its con¬ 
struction are given in the Appendix. Its validity was initially tested with 
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the results from sample 2 (Table II) by converting these to J per cent, con¬ 
centration The several values found should, of course, be identical, and also 
should approximate to the observed normal fluidity Table III shows that 
this IS reasonably true 


50 

45 ^ 

40 

35 ^ 

30 -^ 

25 ^ 

20J 

15 -; 


IOJ 


40 ^ 

35: 

30 *: 
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3 -J 


c-0 60 
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z 


UJ 



i 

a: 
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l-0*10 


A 


C 


Fig I 

isomogram foi the conversion of fluidities to a basis of from deteiminations ' 
made at othei concentrations 

The nomogram was further l2:.led with seven cottons whose fluidities , 
covered a wide range Their fluidities were found at exactly J per cent, 
concentration by overnight dissolution and the results then converted to ^ 
per cent concentration These values are compared in Table IV with experi¬ 
mental results obtained at exactly J per cent concentration 
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Table H 



Concentration 

Viscosity 


Cotton 

of 

of 







sample 

solution % 

solution cp 

n =4 

fi w=6 

n =*8 

1 

0 467 

17-88 

1*9 

1*1 

08 

0 339 

10 29 

1 9 

M 

08 


0 281 

9 04 

2*1 

12 

0*9 


0*188 

4 84 

2*0 

12 

09 


0 084 

2 45 

1 7 

11 

0*8 

2 

0 526 

19 42 

1*8 

10 

07 


0 486 

18*68 

1 9 

1 1 

0*8 


0 470 

15 97 

1 8 

M 

08 


0*390 

10 49 

1 7 

10 

07 


0*238 

5 52 

1 7 

1 1 

0*8 


0*102 

2 73 

1 8 

12 

09 

3 

0 743 

19 42 

J 2 

07 

05 


0 518 

12 39 

1 4 

08 

06 


0 494 

10 91 

1*3 

08 

05 


0 397 

7 91 

13 

08 

07 


0 280 

5 23 

1 3 ! 

08 

0*6 


Table III 


Concentration 

of 

solution % 

Observed 

fluidity 

1 

Recalculated 

fluidity 

0 526 

5*2 

5 3 

0 486 

69 

50 

0 470 

63 

5 0 

0 390 

96 

5 8 

0 238 

18 1 ! 

50 

0 102 

36*6 i 

4 7 


Observed fluidity at i per cent concentration 
was 5 1 


Table IV 


Fluidity 

in 

J% solution 

Fluidity m i®/ 

y solution 

Calculated 

Observed 

14 3 

39 

5 2 

14*6 

42 

5 5 

18 7 

62 

67 

21*6 

80 

84 

31 0 

14 9 

148 

35*8 

19 4 

383 

37 1 

20*7 

20 3 


The foregoing results all refer to air-dry cotton 

An estimate of the time required for drying was made with three portions 
of the same sample of damp cotton heated in an ordinary laboratory oven 
a.t 110° C. Each sample was weighed at intervals and Table V shows clearly 
that the two hours suggested is adequate for samples containing up to 50 
per cent, of water 
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Table V 


Tune of 
drying 
(hours) 

Calculated moisture content % 

Sample 1 

Sample 2 

Sample 3 

U 

45 9 

45*3 

46 1 

2 " 

46 0 

45-5 

47 0 

2 ] 

46 0 

45 4 

46 0 

20 

45‘9 

45 3 

46 1 


Although damp cotton, on account of its swollen condition, dissolves 
more rapidly than dry it was found necessary to allow 4 hours dissolution 
time for the preparation of a J per cent solution However, by prepanng 
a solution of about half of this concentration the dissolution could be accom¬ 
plished within 2 hours The complete method, using about J per cent 
solutions, was then tested on a senes of damp cottons and the recalculated 
values for \ per cent concentration compared with those obtained by the 
normal techmque It is inferred from Table VI that a reasonable agreement 
obtains over the range of fluidities considered 

This method is of course applicable to air-dry cottons, but the minimum 
times of dissolution then become 3 and 6 hours, respectively, for solutions 
of J and \ per cent concentration 


Table VI 


Method 

Fluidity at -J- per cent concentration 

Method 2 

3-5 

2*8 

2 9 

32 2 8 

32 

37 

45 

Control. 

i 2*7 

29 

30 

30 3 1 

3 4 

38 

40 

Method 2 

44 

58 

58 

10 4 9 8 

10 8 

10 0 

_ 

Control 

41 

6 1 

69 

9 6 10 2 

10 4 

10 5 

— 

Method 2 

86 

12 0 

100 

IM 

12 6 

10 9 

10 2 

Control 

10 7 

11 0 

11 1 

IM 

11 1 

116 

11*7 

Method 2- 

10 8 

11 6 

122 

11 6 

16 2 

17 9 

__ 

Control 

11 8 

12 2 

12 2 

13 0 

14 2 

17 9 

— 


APPENDIX 

Details for construction of the nomogram. 

In the formula c a value of 70 was assumed for /„ 

Chbbens and Little {loc ett ) gave 72 reciprocal poises as the mean value for 
the fluidity of the solvent. 

The following two equations then hold simultaneously 

{7olfiV‘''-x=P I 
where is the fluidity, /., when c=J 
Ehminating p and taking loganthms 

logE'(/i) -log^(A>+logc+log2=o 
where F(/c) = (7o//.)‘'“-i. 

This equation typifies a nomogram of three parallel straight lines and the 
construcfaonal data were found by the usual method of determinants. 

The information provided below refers to a rather larger diagram than 
Fig I 
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The axes A and C commence at the same horizontal level, the distance 
between the axes A and B is 4 in.; the distance between the axes B and C is 
6 in. 

The following data give coarse graduations for the scales. 


Scale A 

Fluidity 

3 

4 

5 

6 

7 

8 

9 

Distance from A (ins ) 

. . 0 00 

0 62 

M6 

1 62 

2 02 

2 40 

2 74 

Fiuiditj'' a 

.. 10 

12 

14 

16 

18 

20 

22 

Distance from A (ms ) 

. 3 07 

3-66 

4 20 

4 74 

5 21 

5 68 

6*12 

Fluidity 

... 24 

26 

28 

^ 30 

32 

34 

36 

Distance from A (ms ) 

6 59 

7-00 

7 46 

7 88 

8 31 

8 78 

9*25 

Fluidity 

. 38 

40 

42 

44 

46 

48 

50 

Distance from A (ins ) 

9 68 

10 22 

10 67 

1122 

11 71 

12 31 

12*90 

Scale G 

Concentration 

. 01 

0 15 

0-2 

03 

04 

05 

06 

Distance from C (ms ) 

... 000 

3 17 

5 42 

8 69 

10 84 

12 58 

14 01 


Scale C can be further subdivided with the help of any simple loganthmic 
scale such as a slide rule 


Scale B 

This is graduated by finding the intersections of lines drawn from the 
point on scale C representing 0 5 per cent concentration to all the values 
on scale A 
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- 26 —AN ELECTRONIC INSTRUMENT FOR MEASURING 

WEIGHT VARIATIONS IN SLIVERS, ROVINGS AND YARNS 

By G. N Boyd 

{Copyright by the Textile Inshtide) 

1, INTRODUCTION 

Vanations of weight and thickness having a roughly wave-hke character 
are known to occur in spun yarn over distances of a few inches At the 
same time, changes in mean weight of longer lengths are also found to exist. 
Quantitatve evaluation of the magnitude and form of the irregularities in 
yarns and slivers is important in the pursuit of experimental studies on 
drawing and spinning Suitable equipment for measuring variability is also 
valuable for control purposes in the mill This value has become more 
evident and important as a result of recent developments in yarn manufac¬ 
ture, particularly worsted yam, where emphasis is being placed on the 
possibihties of reducing the number of operations involved. 

One pnnciple employed in several designs of instmment for measuring 
variation along the length of a yam or sliver involves passing the matenal 
between metal shoes, a lower one in fixed position and an upper one respond¬ 
ing to changes in thickness Movement of the upper shoe is suitably mag¬ 
nified and recorded Photoelectnc methods have also been used in which 
yam is passed m front of an illuminated slit and a measure of the light 
interference recorded Instruments depending upon change in resistance of 
a mercury column with change in cross-sectional area of a yam have also 
been attempted, and recently a method dependmg upon changes in air-flow 
through a capillary tube caused by variations in size of yarn passing through 
the tube has been reported. 

In all these methods the variation being measured is a change in thick¬ 
ness of the matenal or a change m the volume of a certain short length In 
some instances such data on yarn may be of direct value as for example in 
relation to visual appearance in a finished cloth' For most purposes, however, 
and particularly in connection with research on drafting, the most useful 
information to possess is a record of vanation in weight This fact has been 
emphasized and fully discussed by Martindale,^ and it need only be pointed 
out here that no simple correlation of diameter or volume measurements on 
yam with weight exists The measurement of weight variation, however, 
has proved to be a matter of some difficulty In certain work requiring such 
data the method of cutting and weighing successive short lengths of matenal 
has been used The method is undesirable on account of its destructive 
nature, and is, in general, impractical in view of the veiy high consumption 
of tme 

In reviewing the requirements of a satisfactory instrument for measunng 
weight vanation it was considered essential that the results provided should 
be a continuous record of weight change having reference to a suitable short 
length of matenal {eg 2 cm ), and that the test should be non-destructive 
so that further drafting of the material could be earned out if necessary It 
was also considered desirable for a single instrument to be capable of handling 
materials over a wide range of weight and for measurements to be made 
reasonably rapidly and easily, so that an mexpenenced person could readily 
be taught to conduct tests 

One of the first instruments designed to measure weight variations con¬ 
tinuously and in a manner non-destructive of the test specimen was described 
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by Matthes and Mangartz>“ ifi which the change m capacity of a condenser 
was measured as yam or sliver was made to pass through it In 1943,» 
Dr. L H. Turl working in these laboratones developed and constructed a 
recording instrument based on the same principle using an essentially similar 
type of electronic circuit to that employed by Matthes and Mangartz As a 
result of experience gained with this instilment, further work was later 
undertaken with a view to improving the stability of the electronic circuit. 



particularly under adverse operating conditions of widely fluctuating line 
voltage In the course of this further work, while the basic pnnciple of 
measunng weight variation by change in capacity of a condenser was 
retained, the equipment was completely re-designed both electrically and 
mechanically Desired improvements were successfully mtroduced, and the 
new design of instrument has now been operating for some time with satis¬ 
factory results both in the laboratory for research purposes and in the mill 
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on control applications The general construction of the instrument and 
descnption of the circuit is recorded here together with information on the 
method of operahon Some typical records are illustrated and a simple 
method of analysis which has been found useful is outlined. 

2. DESCRIPTION OF THE INSTRUMENT AND CIRCUIT 

If a substance having a different dielectric constant from that of air is 
introduced between the plates of a condenser the capacity of the condenser 
will change dependent upon the dielectnc constant of the matenal, the 
amount introduced, and its shape or form In the case of relatively loose 
fibrous compositions such as yarns and slivers a choice of condenser can be 
made such that the change m capacity is so nearly in direct proportion to 
the weight of material between the plates that it can be taken as linear 
without introducing any serious error This fact will later be given experi¬ 
mental verification in the discussion of some results, and a theoretical 
treatment of the matter is given in Appendix I Actually the linear relation¬ 
ship IS not essential to the method of measurement, but it is of great 
convenience in the analysis of records 

In the instrument to be described the signal from a high frequency 
oscillator is used, after amplification, to generate a voltage across the tuned 
gnd circuit of a detector This circuit is detuned from peak resonance so 
that a linear portion of the tuning curve is being used The voltage 
generated depends on the capacity of the measuring condenser through which 
the matenal is being passed The detector output voltage is recorded on a 
chart, and since it is proportional to the voltage generated in the tuned grid 
circuit, it is therefore a record of the change in weight of the material 
passing through the measuring condenser 

A more detailed description of the instrument can most conveniently be 
given by refeience to Figures i, 2 and 3 which show, respectively, a front 
view photograph of the actual instrument, the panel layout, and the elec- 
tncal circuit diagram Component parts arc identified on the diagrams and 
in the text by letters and subscripts. Detailed description of these com¬ 
ponents, including electrical dimensions, tolerances, types and other pertinent 
information is given m Appendix II To facilitate consideration of the 
circuit different sections have been blocked m on the circuit diagram by 
distinguishing lines The construction of the instrument will be discussed 
under the headings (a) Mechanical, (b) High Frequenc}^ Measuring Unit, 
(c) Recorder Unit, (d) Circuit Checking Unit 

(a) Mechanical The matenal to be tested is passed through a guide Gi. 
and then led under a tension block T B which has adjustable spnng pressure 
and permits application of a suitably light tension In the case of top or 
heavy sliver, a U-shaped guide is employed From the tension block T B 
the material passes through the measuring condenser Cu which has guides 
Go and G3 situated close to each end These latter are vertically adjustable 
in order to lock a suitable size of guide in line with the space between the 
condenser plates For heavy slivers, guides and G^ are not used and the 
matenal is held in the measuring condenser by two U-shaped non-conducting 
rods inserted into the insulating condenser base plate at each end of the 
condenser A honzontal guide bar G B conducts the matenal into the mp 
of a pair of neoprene covered steel rollers D R , whose function is to draw 
the matenal through the condenser at a suitable uniform speed The inner 
roller of the pair is positively dnven by the motor D M. and pressure between 
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the rollers is adjustable through a pair of spnngs From the rollers D R 
the material passes over a polished guide stnp G S , and may be wound onto 
a reel or allowed to fall into a suitable container 



The motor D.M , which can be started through switch S3, is a variable 
speed motor with built-m reducing gear In addition to dnvmg the rollers 
D R« it is also made to drive the recorder chart which may be disconnected 
if desired by means of switch Se The speed of the recorder chart may be 
varied for a constant driveshaft speed by means of a set of change gears 
within the recorder itself. The ratio of dnveshaft speed to the speed of the 
rollers D R may also be varied by a set of change-gears located just behind 
the panel In most cases it is desirable to have the matenal being tested 
travelling considerably faster than the chart so that the plot of weight 
variation is suitably condensed Practical ratios of matenal speed to chart 
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speed employed are io*i down to i*i, although ratios even lower as well 
as higher are readily possible 

The over-all speed of the whole unit may be varied continuously between 
zero and maximum by varying the motor speed through the use of rheostat 
R, > This does not, of course, affcect the ratio of material to chart speed, but 
simply governs the speed of passage of material through the measunng 
condenser The time for the pen to move from its zero position to full scale 
deflection and back is one second, and is therefore correspondingly higher 
for smaller deflections Since the shortest periodic weight changes likely to 
be encountered have a minimum value of about two inches, a maximum 
speed for passage of matenal through the condenser was set at 20 ft per mm 
The measuring condenser Cn must be chosen so that no material pro¬ 
trudes beyond the edges of the plates and a mean deflection of approximately 
half full scale is obtained on the recorder This is readily achieved by the 
use^of interchangeable condensers which plug into sockets on the panel and 
by making the spacing between the plates adjustable Since only four 
separate condensers have been found necessary to measure all materials 
from 15 demer nylon monofilament to wool top it requires but little 
expenence to make a proper selection 

(&) The High Frequency Measunng Unit The high frequency measuring 
unit is the portion shown m Figure 3 blocked in by a single dotted line It 
consists of the following stages a high frequency oscillator, a buffer ampli¬ 
fier, and two symmetrical detector stages 

Valve Vi is used in a crystal controlled Pierce type oscillator circuit which 
generates a 10 megacycle voltage A buffer amplifier stage incorporating 
valve V3 is connected to the oscillator through condenser coupling The 
buffer stage amplifies the high frequency voltage generated by the oscillator 
to nearly 200 volts, and it also isolates the oscillator from any reflected 
impedance effects occurring in the later stages The tuned load of the buffer 
stage, Cr and Lj, is adjusted to peak resonance, and through loose coupling 
it supplies high frequency voltage to each of the tuned grid circuits of the 
so-called infinite impedance detector stages The tuned circuit of detector 
2 consists of inductance in parallel with the vanable condenser Co and 
the measunng condenser Cu through which the yam or other matenal is 
passed The tuned circuit of detector i consists of inductance Li in 
parallel with the variable condenser Cs, and the micrometer condenser Cm 
for fine adjustments. With the exception of condensers Cm and C^, both of 
which actually represent a small portion of the total capacity in their res¬ 
pective circuits, the two detector tuned circuits are identical This, of 
course, results in both having sensibly identical resonance curves 

The detector stages are both operated with their input circuits detuned 
from peak resonance so that a linear portion of the resonance curve is used 
in each case The value of the D C, output voltage for each detector stage 
at the midpoint of the range over which this linear condition exists was 
determined expenmentally These two output voltages are almost exactly 
equal since the detector stages are as identical as possible in every respect. 
With no matenal m the measunng condenser, and for any setting of Cm; 
condensers C<, and C.» are adjusted until the D C output voltages from the 
detector stages are approximately equal to their proper expenmentally deter¬ 
mined values The output of detector i is then made exactly equal to that 
of detector 2 by adjustment of the micrometer condenser Cm 

When the matenal under test is placed between the plates of the 
measuring condenser the capacity of the condenser changes Since the 



T4r5 


Variations in Slivers, Rovings and Yarns—Boyd 

high frequency voltage across the detector tuned circuits vanes linearly with 
the capacity in the circuits over the portion of the resonance curves used, 
and since the D C. voltage output from the detectors is directly proportional 
to the high frequency voltage input, it follows that the D.C voltage change 
occurnng at detector 2 is directly proportional to the capacity change of 
the measuring condenser Because a linear relationship exists between 
capacity and weight, this voltage change is therefore a measure of the weight 
of the material between the plates The D C output voltage of detector 
I, which is actually used as a reference voltage, remains substantially 
constant since the high frequency voltage input to the stage does not vary 
appreciably during the test The recorder measures the difference between 
the D C voltages produced by the two detectors, and therefore as the 
material is drawn through the measunng condenser this recorder reading 
indicates directly the weight of the matenal between the condenser plates at 
any instant 

There are several advantages of using a balanced type circuit in the 
detector stages Variations in high frequency voltage output from the buffer 
stage, caused by variations in plate supply voltage, affect each detector 
stage equally The result is that such changes produce no change m the 
D C voltage difference which is being measured Further, since the same 
voltage IS apphed to the plates of both detectors, changes in the D C output 
voltages of the detectors due to changes in plate voltage tend to cancel one 
another Another advantage of the balanced circuit is that the filament 
voltages may be left unregulated Changes in the H F voltage output of 
the buffer amplifier due to filament voltage variations affect each detector 
equally In the detector stages themselves the problem is not quite so simple. 
If the detector valves have different emission characteristics, their D C. out¬ 
put will not vary by equal amounts as the filament voltage vanes This 
effect IS marked by a slow dnftmg of the voltage reading on the recorder. 
The drifting effect has been greatly reduced by careful matching of the 
detector valves for emission charactenstics and by reducing the filament 
voltage applied to them by the common dropping resistor Rg 

(c) The Recorder Unit. The recorder unit, shown blocked in on Figure 3 
by an alternately dashed and dotted line, consists of two parts: the recorder 
Itself, and a o to +500 microamp galvanometer M^, which is used for zero 
adjustments in order to protect the recorder With no matenal m the measur¬ 
ing condenser, the galvanometer is switched into the circmt across the 
detector cathode resistors by means of multi-throw switch S^. Condenser 
Cio IS adjusted until the galvanometer Ma reads zero, first on a coarse scale 
with switch Si in position 2, and then on a fine scale by turning to position 3 
By moving to position 4, the recorder M3, an Esterline-Angus o-io-aoV" 
recording voltmeter, is then introduced into the circuit 

[d) The Power Supply The power supply, shown in Figure 3 enclosed 
by a single dashed line, is a very simple regulated type Since the output 
stage of the high frequency measunng umt consists of a balanced type 
circmt, close regulation of the plate supply voltage is unnecessary There 
are no controls to be adjusted by the operator for this power supply, since it 
produces only a single fixed plate supply voltage of 210 volts. Sufficient 
regulation is achieved by placing two VR 105 voltage regulator valves (V^ 
and V7) in senes across the output of a standard supply and tapping the plate 
supply voltage from the plate of Vo, The power supply will mamtam a 
210 volt output to within +5 volts for variations in A.C line voltage 
between 95 and 135 (The instrument was designed to operate on a normal 
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line voltage of no volts, but with a suitable choice of power transformer 
Ti it could be made to operate on any other voltage ) 

{e) Circuit Checking Unit This unit is shown in Figure 3 blocked in by 
a double dashed double dotted line It consists essentially of a D C meter 
Ml which has a i ma full scale deflection, and may be connected by multi¬ 
throw switch Ss through suitable dropping resistors to points m the circuit 
where voltage or current checks should be made before the instrument is 
used. Position 2 of switch S, gives a reading on meter M, of line voltage 
In this circuit the voltage from the filament winding of the transformer, 
which is normally a fixed proportion of the line voltage, is applied across the 
voltage divider R17 Ris The A C. voltage across Ria is half rectified by the 
selenium rectifier S.R , and the resultant voltage is applied to meter Mi One 
scale of the meter is calibrated to convert this deflection directly to A C line 
voltage Position 3 of S5 shows the current through the voltage regulator 
valves With switch S3 in position 4, the meter Mi reads plate supply 
voltage Here the meter is connected across Ria, part of the voltage divider 
Rit Riq which IS connected across the plate supply voltage output The 
meter scale is calibrated to read plate voltage directly If the reading is not 
210 ±5 volts the voltage regulator valves are not operating properly and 
their current must be checked Positions 5 and 6 of S, give meter readings 
of D C. volts across a section of the cathode resistors of the detector stages 
The scale is calibrated to read detector output voltage Using this scale these 
voltages are set at their proper operating point which, of course, means 
that they are at the same time roughly equalized before the more sensitive 
meter M2 is used m conjunction with Cm for exact equalization 

3. OPERATION OF THE INSTRUMENT 

To operate the instrument, the filament voltage supply is first turned on 
by switch Si followed by turning on the plate voltage switch So A warm-up 
penod for the valves of about an hour is then advisable to avoid excessive 
dnftmg over long runs, although for testing short lengths of material for the 
vanabihty within them this time may be considerably reduced Where the 
instrument is in daily use, for example, for plant control puiposes, it is 
better for the power to be left on continuously rather than to be switched on 
and ofl more than once a day Such continuous operation is not haimful to 
the instrument and the inconvenience from zero dnft dunng the warm-up 
penod is virtually eliminated A suitable measunng condenser is selected 
and plugged m on the panel and, using Mi, the D C detector voltages are 
adjusted by means of condensers Cs and Cq until they are approximately 
equal and so that linear portions of the detector tuned circuit resonance 
^ curves are being used. The voltages are then equalized very exactly by 
using the micrometer condenser Cio, first in conjunction with the coarse scale 
of meter M2 followed by use of the fine scale The recorder is then switched 
into the circuit and will, of course, be found to read zero 

The material to be tested is threaded through the proper guides, and 
inserted into the measuring condenser If necessaiy, the spacing of the 
plates is adjusted to give about half scale deflection on the recorder Move¬ 
ment of the plates, of course, unbalances the previous zero setting and 
condenser Cio must be readjusted to compensate With a little practice the 
whole adjustment process can be earned out in a few minutes 

The fact that the measunng condenser plate spacing is adjusted to obtain 
a suitable mean deflection when the sample is inserted, in no way affects the 
irregulanty record of the sample Since the response of the device may be 
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considered linear, a larger mean deflection simply results in larger deflections 
from the mean. The ratio of a given deflection from the mean (due to a 
change m weight of the matenal) to the mean itself is always constant If 
an absolute value for the mean is desired it is necessary only to weigh a 
suitable length of specimen, but where uniformity is the sole consideration 
absolute values of weight are not required 

At the end of a test or at any time dunng a run, in order to be sure that 
no drift has occurred a check of the zero can readily be made by allowing 
the matenal to by-pass the measuring condenser and observing the reading 
on the galvanometer M2 

Because the dielectric constant of a fibre is influenced to a very marked 
degree by moisture content, it is essential that material to be tested should 
be in a uniform moisture condition This does not normally present any 
senous difficulty even for control work m the mill, because in any range of 
moisture content likely to be encountered in practical operation, provided 
this moisture content within the matenal to be tested is uniform, the ratio 
between vanations from the mean and the mean itself is substantially 
unaffected The possibility of any difficulty ansmg from vanable moisture 
content is, of course, completely obviated by conditioning and examining of 
material in a room of controlled humidity and temperature 

4, SOME EXPERIMENTAL RESULTS AND TYPICAL RECORDS 

(а) Lineanty Test It was previously stated that the change in capacity 
of the measuring condenser is very closely in direct proportion to the weight 
of textile material between the plates If this, for any reason, were not the 
case, or if the detector charactenstic curve were not linear, the recorder 
reading would increase for unit increases in weight of matenal according to 
some curve, and this would have to be determmed for calibration purposes 
Such a test can be simply performed by inserting between the plates of the 
condenser a successively increasing number of lengths of some uniform 
matenal and observing the recorder reading 

Undrawn nylon yarn was chosen because of its very high degree of 
uniformity The glates of the measuring condenser were spaced so that 
when a single end of the yarn was inserted it produced a reading of approxi¬ 
mately 2 volts on the recorder which has a full-scale reading of 10 volts 
Ten readings were taken over a short length of each of five ends of yarn 
tested separately and the average of the 50 measurements was taken as the 
mean reading for the single end of yarn Five readings were then made on 
each of the ten combinations of two yarns and a like number on each of the 
ten combinations of three yarns Ten readings were taken on each of the five 
combinations of four yarns and finally fifty measurements made on the five 
yams taken together The average of the fifty readings in each case was 
taken to represent the value for the particular group and these values are 
shown plotted in Figure 4 It can be seen that the curve is sufficiently close 
to being linear that for practical purposes it may be so regarded 

(б) Some Typical Records In Figure 5 are shown portions of records 
made of three widely different products In all cases the ratio of speed of 
material to chart speed was 10 i and the portions of the records shown 
represent about 10 ft of matenal Record 5(a) is that of a single end of 
64s botany sliver taken after the first drawing operation on a set of French 
drawing At this stage the sliver weight was 4 5 oz per 10 yards, very 
similar to that of the top from which it was prepared. The short term 
irregulanties, which can be seen occurring over what are roughly 4 inch 
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intervals, are of relatively small magnitude. Evidence can also be seen of 
an irregularity repeating over longer distances In Figure 5(b) is shown a 
portion of a record of a 1/2OS worsted yarn spun according to conventional 
null practice from the same lot of wool as the sliver shown m 5(a) The yam 
received eight operations of French drawing followed by mule spuming 
The increased amplitude of the short period vanations is strikingly apparent 
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Fig 4 

and shifts in the mean weight over longer lengths may also be noted 
Figure 5(c) is a portion of a record made of 15 denier nylon monofilament, 
the chief point of interest being the high degree of uniformity of this matenal. 

So far as the electneal circuit is concerned, there is virtually no limit to 
the size or weight per unit length of matenal which can be measured 
Mechanical considerations on the present design of instrument, however, 
limit the size of materials which can conveniently be handled A wool top 
represents the approximate upper limit, while the nylon monofilament shown 
in Figure 5(c) indicates the approximate lower limit 
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(c) Examination of Records The data extracted from these records 
depend, of course, on the use to which they are to be put If it is desired 
to express the weight distribution of a matenal by a mean and standard 
deviation or by any other set of descriptive statistics, the records may be 
converted to frequency distnbutions and the requisite computations made 
These calculations are somewhat lengthy. Furthermore, for many purposes, 
they conceal rather than exhibit the most important features of the records. 
This, because all vanations, both short term and long term, are thrown 
inextricably together in the frequency distribution 




Fig 5 

The following method of analysis, which has been found particularly 
useful for purposes of plant control, permits a measure to be made of both 
short and longer term variations in a simple and rapid manner The records 
are divided into unit sections of equal length, using a distance somewhat 
greater than the shortest predominant irregularity cycle An average of 
the maximum and minimum readings in each section is taken, and these 
values are themselves averaged over the whole record This over-all average 
yields a close estimate of the mean weight of the material. If a record is 
divided into a number of suitably long portions, the average deviation of the 
means of these portions from the over-all mean shows long term vanations. 
The difference between maximum and mimmum readings in each unit section 
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is also recorded These individual differences are averaged, and this average 
difference is expressed in terms of the mean weight of the material This 
provides a measure of the short term variations 

More informative and detailed analyses which find application in con¬ 
nection with studies in drafting are being given attention 
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APPENDIX I 


Mathematical Consideration of Capacitance 
The relation between the capacity of a parallel plate condenser and the 
quantity of material interposed between the plates may be considered 
mathematically m the following manner 

Let A be the area of each of the two condenser plates, 

L the distance between the plates, 

Y the volume of material interposed between the plates, 

K the dielectnc constant of this matenal, and 
C the capacity of the condenser 

Regard reference axes y as lying in the plane of one of the plates Across 
the distance L from one plate to the other, the perpendicular from a point 
X, y on one of the plates will pass through air and interposed material Let 
the total length of material traversed by this perpendicular be u{x,y) Then 
the capacity of the elemental condenser with plate dimensions dx, dy is given 
by 

d X . dy 


For convenience put p==i—^ and the above expression may be vntten 


I dx dy 

ItL ’ Z ~ u (i) 

The capacity C of the whole condenser is therefore given by integrating over 
the total area of the plate, or 


I rrj^ 


A 
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V 


47iL^ 
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(2) 
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where R 




^419 


(3) 


It can be seen that if the value of ujL is everywhere sufficiently 
small, the value of R is small and the relation between C and V is effectively 
linear In the case of loosely packed matenal such as wool tops and lightly 
twisted slivers this condition obtains At later stages of processing the value 
oiujL may be fairly large, as for example in yarn where the spinning twist 
has been inserted The most critical case for such yarn which can be 
formulated for examination appears to be when the diameter of the yarn is 
equal to the distance between the plates 

The condenser plates are rectangular, of length a and width 6, and the 
yam hes in the condenser parallel to the sides of length a The yarn may 
be assumed to be circular in cross-section and its diameter is L the distance 
between the plates Let A be the proportion of the cross-sectional area of 
the yarn actually occupied by fibre To simplify the integration imagine a 
new set of reference axes, x, y lying in a plane parallel to the condenser 
plates midway between them with the origin at the midpoint of a line joining 
the centre points of the plates The x axis is taken to be parallel to the side 
b of the condenser plate and the y axis parallel to the side a Let the longi-. 
tudinal centre axis of the yarn coincide with the y axis The integral giving 
the capacity of the condenser may now be evaluated 

a L ^ ah 
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Making the substitution x-—'sm 6 , and dx =— cos 6^ then 
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The extent to which C vanes with X can be given more precise meaning 
by substituting in equation (4) appropriate numencal values for a, b, L and 
K The dimensions of the condenser plates used for yams are a—1^0 in ; 
b-o I in The distance apart of the plates may be taken to be L=o-oi in. 
which corresponds to what is normally used for a 1/30S worsted yam. The 
exact value of K is dependent upon the particular fibre and its moisture 
content Reasonably ^wide variations in this value from sample to sample 
may take place without matenally influencing the relationship between C 



^^20 Electromc Instrument for Measuring Weight 

and A It is necessary, of course, that K remain constant within each 
sample. A value for K equal to 5 is taken here for purposes of calculation. 

The first term of equation (4) is constant and is the contribution to the 
capacity of those portions of the measuring condenser which lie beyond the 
edges of the sample. Using the values for a, h, L and K given above this 
term (C') is equal to 0-7162, and of course does not in any way affect the 
shape of the curve relating C to A In Table I are given the values for the 
second term (C") for values of A over the full range 0 to i, together with the 
figures for the total capacity C Column 4 gives the first order difierences 
and serves to show the departure from linearity at the higher values of A 
The curve of C against A is illustrated in Figure 6 


Table I 


X 

C" 

1 C 

A 



1 (-C'+C") 


00 

0 07958 

0 79578 

— 

0 1 

0 08505 

0 80125 

0 00547 

02 

0 09113 

0 80733 

0-00608 

03 

0 09846 

0 81406 

0 00733 

04- 

0-10721 

0 82341 

0 00875 

0 5 

0-11777 

0 83397 

0 01056 

06 

0-13102 

0-84722 

0 01325 

07 

0-14816 

0 86436 

0 01714 

08 

0 17124 

0 88744 

0 02308 

09 

0-20456 

0 92076 

0 03332 

10 

0 25792 

0 97412 

0 05336 


Change m capacity is due only to change in A, and it is to be seen that 
for values of A up to 0*4 or o 5 the relationship is very nearly linear. A 
A greater than 0-5 would probably only be encountered in the case of a 
monofilament, where A=i. Under these conditions the departure from 
hneanty would be quite marked In other types of yam, the value of A 
would seldom exceed 0 5 and would generally be considerably lower For 
the extreme case therefore where the yam has a diameter sufficient to touch 
both condenser plates the relationship between C and A is reasonably linear, 
except m the case of monofilaments. For yam whose diameter is less than 
L, but has the same value for A, the ratio ujL is less, and in this case the 
relationship between C and A would be more linear than that shown in 
Figure 6. Where monofilament is being tested, it is possible to obtain 
sufficient recorder deflection even though the condenser spacing is consider¬ 
ably greater than the filament diameter This results in a relatively low 
value of ujLj and compensates to some extent for the high value of A 
involved 

In the above argument, vanations in quantity of material interposed 
betw^een the condenser plates have been treated as vanations in A, or what is 
the same thing as vanations in,bulk density. At the opposite extreme where 
the bulk density remains constant, the square of the diameter of the yarn is 
proportional to the weight or quantity of matenal present Consider a 
typical yam where y\ is 0 3 or 0 4 and the mean diameter is somewhat less 
^an the condenser plate spacing It follows that the value of ujL is con¬ 
siderably less than 0-3 or 0*4 It is obvious from equation (3) that the R 
term, whose size is governed by the ujL ratio, is very small, or in other words 
that the capacity-volume relationship is almost linear If the bulk density 
of this yam remains constant but the weight increases by 50 per cent the 
diameter will increase by a factor of about 1*2 With a constant A the 
function u{Xjy) increases directly as the diameter, and since L is always 
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constant the /L ratio also increases as the diameter As the R term was very 
small before the 50 per cent increase m weight, the increase by 1*2 in the 
ujL ratio will not be sufficient to affect materially the linear relationship 
between C and V 



In actual fact the vanations m weight along a yarn are accompanied by 
vanation both in cross-sectional area and in bulk density, and earher 
investigations reported in the literature have indicated that such weight 
vanations are reflected fairly closely by a linear change in diameter rather 
than by the square of the diameter In this case an increase in diameter 
must be accompanied by a corresponding decrease jn bulk density which 
results in the u/L ratio remaining unchanged This implies that regardless of 
weight vanation R remains very small, and therefore the relation between 
C and V is always sensibly linear. 

It has been shown that changes in fibre volume are reflected directly by 
changes in capacity for the following four cases. 

(1) top or sliver where the ujL ratio is always very small, 

(2) yarn whose diameter is constant and for which A varies within any 
practical limits, 

(3) yarn for which A is constant and where the diameter vanes within 
practical limits, 

(4) yarn for which A and diameter both vary 

It will of course be obvious that for material of uniform composition, fibre 
volume IS equivalent to weight 

APPENDIX II 

The symbols used m the following list correspond with the designations 
given to component parts in the panel and circuit diagrams (Figures 2 and 3), 
also referred to in the text 


Abbreviations 


mXd 

microfaiad 

mmfd 

micro-mj ci of arad 

BCWV. 

direct current working voltage 

mh 

milbhenries 

amp 

amperes 

ma 

milliamperes 

max 

maximum 

DPST 

double pole single throw 

SPST 

single pole single throw 

SP4T 

single pole four throw 
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Parts 

Symbol 


Cj, Cij C12, Ci 3 


C3 


^10 

Q4» ^15 


Rn 

■^ 7 # ^ 8 


^8 

■^lU 

■^li 

i^l2 

“^13 

■^14 

^15 

■^IG 

i?l 7 
•^18 
R-i 9 


L, 

is 

i4> -^3 




Fs 


5 x 

52 

55 

5*8 


Vi 

V, 

V„ 

n 


V, 

V, 


PLi 

PL^,PL, 


Mx 

Ms 

M:, 


SR . 
J>M 


CONDENSERS 

0 01 mfd —600 D C \V \ —mica 
50 nimfd — 600 D C W V —mica 
20 mmfd —600 D C W V —mica 
0 005 mfd —600 D C W A’ —mica 
0-35 mmfd —air dielectric—-variable 
0-1 mmfd —air dielectric—vai lable 

Interchangeable measuring condenser—air dielectric—vaiiable 
(see note) 

8 mid —600 D C W V —electrolytic 
RESISTORS 

100,000 ohms—il0%—1 watt—type F (see note) 

50,000 ohms—it 10%—1 watt—^type F (see note) 

68 ohms—± 10 ^ 0 —1 

22,000 ohms-^I0°o—- "watt? 

100,000 ohms—■^10%—I watt 

40 ohms—±10%—0 5 watt 

0-10 ohms—'±10%—\vire wound—adjustable 

250,000 ohms—±10%—i \vatt 

10,000 ohms—±10%—1 watt 

0-225 ohms—±10%—50 watt—wire wound—adjustable 

4,000 ohms—±5%—100 w^att—wire w’^ound 

200,000 ohms—±10%—1 watt 

10 ohms—±10%—1 w^att 

400 ohms—'±10%—1 w^att 

3,300 ohms—±10%—1 watt. 

2,200 ohms—±10%—-1 watt 
200 ohms—±10%—1 w’-att 
INDUCTANCES 
3 mh high frequency choke 
10 Henry—150 ma choke 

Adjustable high frequency choke—powdered iron core (seenote) 
High frequency chokes (see note) 

TRANSFORMERS 

. Pnmary input =70 volt amps Secondary output =375 volts— 
100 ma max with 110 volt primary input Filament 
windings {a) 5 volt—2 amp max (5) 6 3 volt—3 amp 
max 

FUSES 

. 250 volts—2 fimp —■instrument type fuse 
250 volts—0 5 amp —instrument t\"pe fuse 
2 volts—50 ma max bulb 
SWITCHES 
. D P S T toggle sw itch 
D P S T toggle switch 
S P S T toggle switch 
. S P 4 T rotary switch 

5 P 6 T rotary switch 

Gravity release recoider clutch swutch 
VALVES 

6Jo oscillator triode 
6AG7 buffer amplifier pentode 
6K6-G detector pentodes 
5V4-G full wave high vacuum rectifier 
. V R 105 voltage regulators 
PILOT LAMPS 
110 volt, 60 ma 

6 \ olt, 250 ma 

METERS 

0 0-1 0 ma D C milhameter, 

—0 5—0 0±05ma DC milhameter 
» —0—10—20 volts—Esterlme Angus recording DC voltmeter 
milhameter No 49921 
MISCELLANEOUS 
. 5 ma selenium rectifier 
. 10 me Bliley-type M021 crystal—temp 25° C 

Universal wound motor 1/50 H P, 10,000 r p m at 110 volts— 
built in gear reducer with ratio 595 1 


L 
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^OTE_^No specific value of capacity is listed for measuring condenser Cn 

because this actually consists of a set of three interchangeable condensers The 
smallest, which is used to test fine yarns has plates i 0 cm long and 0 32 
cm wide With a plate spacing of 0*013 cm which is that used to obtain 
a suitable deflection of the recorder when testing 1/563 worsted yam for 
example, the capacity of the condenser is approximately 2 mmf d The change- 
m capacity of this condenser on insertion of the yarn is only a portion of 
I mmfd The other measuring condensers have plates 2 0 cm long the 
smaller being 0 64 cm wide the larger i 92 cm wide In the case of the 
largest measunng condenser the plate spacing used when testing wool top 
for example, is of the order of o 6 cm which means that before insertion 
of the top this condenser has a capacity considerably less than i mmfd. 
However, since there is so much more textile matenal in a cross section of 
the top than there is in a cross section of the yarn, the net capacity change 
m both condensers is about the same on insertion of the textile material, and 
this change is a small fraction of a mmfd The same argument applies also 
to the intermediate measunng condenser The capacity of the measuring 
condensers is only a small fraction of the total capacity of its resonant circuit, 
since the vanable condenser is set at about 25 mmfd to obtain a D C 
output of 150 volts from the measuring condenser detector tuned circuit. 
Because of this fact any dielectric losses occurnng in the measuring con¬ 
denser due to insertion into it of the textile material have negligible effect on 
the shape of the resonance curves They may always therefore be considered 
sensibly identical 

Type F resistors, such as Ri and R., are often used m high frequency 
applications The resistor consists of a hollow ceramic tube on the inside of 
which IS sprayed or painted a layei of carbon which constitutes the actual 
resistance The ends are metal caps with the usual lead out wires 

No specific values of inductance have been determined for L„ and L^, 
but other information about them may be useful They are wound on three 
Bakehte formers i 5 inches long, 0 5 inches in diameter and with a 0 25 
inch diameter threaded hole running axially through the centre of each 
former Into the centre of the middle former was threaded a 0-5 inch long 
powdered iron tuning slug The three formers are joined together by means 
of short polystyrene plugs threaded into the axial centre holes, so that 
effectively a single 4 5 inch long former is used This former is mounted 
about I inch below the chassis in a plane parallel to the top by means of 
Bakehte and supports The primary coil L,, is wound on the centre former 
using 23 turns of 24 enamelled copper wire The secondary coils, Lj and 
L-„ are wound on the outside formers so that they are symmetrically placed 
with respect to the pnmary, and the centre to centre distance between 
pnmary and secondary coils is i 43 + 0 06 inches Each secondary coil 
consists of 28 turns of 24 enamelled copper wire The two secondary 
tuned circuits are sufficiently loosely coupled to one another, so that changes 
of several volts in the measuring condenser detector tuned circuit result in 
changes of less than 0 i volts in the micrometer condenser detector tuned 
circuit 

Fj, listed as a fuse, is actually a very low current bulb which lights up 
when the oscillator is in operation Thus it serves both as a fuse which 
guards against excessive high frequency current from passing through the 
ciystal, and also as an indicator 

Ontano Research Foundation, Toronto, Canada 
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27 —ALKALINE SCOURING OF DRY SPUN FLAX YARNS : 
EFFECT UPON PHYSICAL PROPERTIES OF 
YARN AND FABRIC 

By H. L Parsons 

{Copyright by the Textile Institute ) 


The boiling or scounng of heavy, dry spun, flax yarns in aqueous 
alkaline solutions has been practised for many years as an important item 
in the production of heavy or mechanical fabncs such as tent ducks, tar- 
pauhns, and canvasses which have to withstand continuous outdoor usage 
This boiling or "wasting " as it is often called m the trade, is earned out 
to varying degrees of loss in weight in order to reduce subsequent loss in 
weight on " weathenng " and to improve resistance to microbiological decay 
It IS already well-known that retted flax (and also true hemp), in their 
commercially available forms, consist chemically of approximately 65 per 
cent high quality {i e long chain length) cellulose, 1^-17 per cent hemi- 
cellulose and pectin, 8-11 pei cent moisture and smaller amounts of protein, 
mineral ash, wax and water-soluble matter Alkaline scounng dissolves, 
or otherwise removes, much of the non-cellulosic matter, the actual loss 
in w^eight depends upon the type of flax, the time and temperature of 
scounng, liquor ratio and the type and concentration of alkali used It is 
a matter of general experience that caustic soda removes more weight m 
boils of 3-5 hours’ duration and tends to produce more wettable yarns 
than those obtained with soda ash when used under similar conditions 
Various retted flaxes give appreciably different losses in weight when sub¬ 
jected to any one scouring treatment whilst unretted or "natural" flax— 
obtained from flax straw by purely mechanical decortication—gives con- 
siderabty higher losses in water and m alkaline solutions than retted flaxes 
similarly treated 

Gibson, Nodder and Lynch of the Linen Industry Research Association 
first examined the scounng of dry spun flax yarns in relation to the measure¬ 
ment of residual alkali-soluble matter and elaborated the so-called Alkali 
Solubility Test This useful technique, which is now widely used as a 
measure of the chemical purity of flax yarns, consists simply of the deter¬ 
mination of the loss in weight, expressed on oven dry weights, both in water 
and 5 per cent soda ash solution The loss in water subtracted from the loss 
m alkali is termed the alkah solubility number. This test, although arbitranly 
standardised, does serve as a good entenon of the efficiency of boiling as 
regards the final chemical punty of the yam 

Elkin^ has shown that the general graphical relationship existing between 
loss in weight on boiling and residual alkah solubility number is of the 
sigmoid type. By the use of a modified form of the Searle^ rotting technique, 
Elkin showed that resistance to microbiological decay increased as alkali 
solubility number fell, although resistance to rottmg did not appear to increase 
much between the alkah solubility number range 10 per cent, down to 5 per 
cent For a given alkali solubility number, yarns boiled in caustic soda 
appeared less rot-resistant than those boiled m soda ash liquor It is known 
that the major part of the non-cellulosic matter—^pectin, hemicellulose, 

* The Alkali Solubility Number test should not be confused with the Solubility 
Number test also devised by the Linen Industry Research Association for measuring 
the degree of chemical attack of flax materials 
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water-soluble matter and protein—^provide more easily accessible nutrient for 
micro-organisms and permit these to grow under favourable conditions of 
moisture and warmth until they reach a state sufficiently active to attack the 
cellulose itself Removal of these foodstuffs reduces susceptibility to decay. 

The value placed upon yarn boiling in the dry spun flax trade is reflected 
m its mclusion in many modern specifications for heavy fabncs as used by 
the Services, Railways and Shipping Companies throughout the world 

EXPERIMENTAL 

Vanous dry spun flax yarns were spun to such counts (or gnsts) that 
after boiling to the required loss in weight, the final gnsts were all nominally 
the same at 4I lb /sp, (los lea) warp and 10 lb /sp (4 8s lea) weft Three 
types of flax, namely, retted tow, retted line and unretted (or natural) 
line were used, whilst all the yams in any one senes were spun from the 
same flax mix The boiling range covered residual alkali solubility numbers 
of grey, 15 per cent , 10 per cent , 5 per cent and 2 per cent (nominal) 
Warps and wefts were, in each case, woven into fifteen fabrics of the same 
construction, % e 22-23 oz /sq yd., 26 double warp threads per inch, 23 weft 
threads per inch , and were finished identically in all respects Boiling of the 
yarns was done by the usual bulk method using soda ash and caustic soda to 
achieve the desired losses in weight 

TESTING TECHNIQUE 

A. Grey Unboiled Yarns 

Gnst Dry spun flax yarns are expressed m the grist system, namely 
lb weight per spyndle of 14,400 yards 

Six hanks, each of six cuts, were chosen at landom from each spin and 
were conditioned at 65-70 per cent R H at 70*" F for at least 24 hours Two 
loo-yard grist test hanks were then reeled off in such a manner that an equal 
portion of each original cut was included, and were weighed to the nearest 
0 I gram Grist was then calculated and thus twelve grist tests of truly 
representative nature were obtained The mean and coefficient of variation 
were calculated This C V figure is, of course, always much less than that 
obtained on shorter lengths, c g x yard or i inch, but is looked upon more 
as a measure of gristing constancy than of yarn weight or diameter 
vanability 

Tensile Strength Thirty conditioned specimen lengths (36 inches) were 
taken from each of half the grist hanks m such a manner that five tests were, 
in effect, from each cut of the six cut original hank, i e 180 tests were 
done on each type of yarn The average strength and the coefficient 
of vanation were then calculated The other six grist hanks were then 
steeped in cold tap water at room temperature (70° F ) for one hour and 
were tested in a similar manner to the conditioned hanks A Goodbrand 
tester, constant rate of traverse 12 inch/minute, of range o-io, 0-50 lb was 
used throughout for all yarn strength tests 

Twist Twenty determinations on 10 inch lengths were made on each of 
the six ongmal hanks and the average and C V were calculated 

B. Boiled Yams 

Loss in Weight due to Scouring. The remainder of the six original 
hanks from each spin were conditioned, weighed and then sent to the bleach- 
field, where they were included in bulk in vanous positions in the pot 
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change After passing through the appropriate processing they were returned 
to the laboratory for reconditioning and weighing 

Gnst and Twist, were determined as for the grey yarns 
Tensile Strength Similar strength tests on the conditioned and saturated 
boiled yams were done aS for the grey yam In addition ten strength 
tests on one inch lengths of yam, both conditioned and saturated, were done 
on each of the six grist hanks, i e sixty tests were done, in each state, on 
each yarn 


lable I. Grey Yarns 


No 



CONDITIONED 

. 

SATURATED 

Qcond 

36" 

Twist 

TPI 

Twibt 

cv 

o 

0 

Gnst 

Ib/^p 

Griht 

C 

^'o 

j\Iean 

strength 

36" 

lb 

Quality 
number 
36" 
lb/lb 

Strength 

^6' 

CV % 

Mean 

strength 

36" 

lb 

Quality 

1 number 
36" 
lb/lb 

strength 

36" 

cv % 

RTl Warp 

1 

48 

34 

4 70 

0 99 

16 4 

6 39 

1 33 

14 5 

134 

6 23 

14 8 

Weft 

97 

36 

7 55 

0 78 

21 0 

10 3 

1 04 

20 2 

1 33 

4 27 

14 2 

RT2 Warp 

5 0 

2 5 

4 75 

0 95 

17 5 

6 90 

1 38 

15 3 

1 45 

6 14 

52 

Weft 

10 6 

2 I 

8 58 

0 81 

16 0 

' 118 

1 11 

16 1 

1 37 

3 90 

67 

R13 Warp 

5 S 

2 b 

5 72 

1 04 

14 8 

7 45 

1 33 

13 9 

1 28 

i 5 85 

92 

Weft 

; 114 

27 

9 92 

0 87 

17 0 

13 0 

1 14 

16 1 

1 31 

! 3 61 

98 

RT4 Warp 

57 

1 8 

6 04 

1 06 

13 7 

7 92 

1 39 

13 7 

1 31 

5 81 

90 

Weft 

12 5 

1 4 

11 0 

0 88 

15 1 

144 

1 15 

15 4 

1 31 

3 59 

84 

RT5 Wdip 1 

fi 1 

1 9 

h77 

1 11 

15 5 

8 36 

1 35 

14 6 

1 22 

5 79 

89 

Weft 

12 7 

37 

11 4 

0 99 

17 4 

154 

1 19 

17 5 

1 32 

3 43 

12 3 

RLl W^arp 

47 

1 5 

6 74 

1 43 

19 9 

8 19 

1 74 

17 1 

1 22 

5 05 

1 110 

W^eft 

10 0 

1 7 

14 5 

1 45 

14 2 

15 7 

1 57 

13 1 

1 08 

3 47 

131 

RL2 W^arp 

49 

3 1 

7 31 

1 49 

150 

8 50 

1 70 

15 7 

1 14 

1 5 11 

75 

W'eft 

10 6 

24 

15 2 

1 44 

15 4 

16 7 

1 57 

12 8 

1 09 

1 3 18 

13 6 

RL3 Warp 

5 S 

4 1 

8 35 

1 52 

17 5 

9 61 

1 78 

150 

1 17 

5 01 

99 

Weft 

11 4 

22 

16 1 

1 42 

14 7 

173 

1 53 

12 9 

1 08 

3 07 

13 0 

RL4 Warp 

57 

{) S 

8 62 

1 51 

14 0 

10 4 

1 83 

13 5 

1 21 

4 90 

10 4 

W^eft 

12 3 

2 1 

18 4 

1 50 

13 7 

19 5 

1 60 

13 7 

1 07 

3 03 

10 4 

RL5 W^arp 

60 

05 

9 24 

1 54 

16 0 

11 3 

1 89 

11 8 

1 22 

4 77 

10 3 

W^eft 

13 0 

1 1 

184 

1 55 

15 2 

22 0 

1 71 

12 2 

1 10 

2 97 

12 0 

NJ-l Warp 

48 

3 1 

5 12 

1 08 

29 7 

5 80 

1 23 

25 2 

1 14 

5 32 

15 2 

W'eft 

10 1 

1 8 

17 2 

1 70 

17 9 

14 9 

1 46 

16 9 

0 86 

3 16 

13 5 

NL2 Warp 

5 5 

52 

6 81 

1 24 

25 0 

7 70 

1 40 

21 6 

1 13 

4 98 

14 9 

Weft 

11 8 

22 

210 

1 78 

16 5 

IS 6 

1 58 

13 8 

0 89 

3 13 

118 

NL3 Warp 

5 9 

3 1 

7 SO 

1 32 

23 3 

7 74 

1 29 

20 7 

0 98 

4 91 

14 5 

Weft 

13 1 

22 

24 2 

1 85 

17 2 

20 3 

1 55 

15 3 

0 84 

2 47 

12 5 

NL4 W^arp 

67 

1 6 

8 84 

1 32 

22 5 

9 31 

1 39 

164 

1 05 

4 70 

12 7 

W^eft 

14 2 

1 8 

26 1 

1 84> 

16 5 

21 9 

1 55 

14 8 

0 84 

2 88 

10 4 

NL5 Warp 

69 

0 8 

9 65 

1 40 

19 6 

9 45 

1 39 

16 1 

1 00 

4 68 

120 

W^eft 

14 8 

34 

25 3 

1 71 

15 I 

24 1 

1 66 

12 2 

0 97 

, 2 54 

84 


Gnst=Yam Weight m lb per 14,400 yards (Spyndle) 

^ , Mean \ am strength lb 

Quality nuraber=———=-;-— 

Conditioned yam gnst lb /sp 

C V = Coefficient of \anation 
T P I = Turns per inch 


Fibre Strength and Extensibility at Break. Single fibre strength and 
extensibility tests were determined in the conditioned and saturated states 
by means of a Cambndge Extensometer 

Alkali Solubility Number Two tests were made on well-mixed cuttings 
from each yam, according to the standard technique laid down by the Linen 
Industry Research Association 
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Solubility in 5 per cent Caustic Soda Solution, The solubility or loss in 
weight referred to oven-dned boiled yarn weight incurred by boiling in 
5 per cent caustic soda for 24 hours was also determined 

C Fabrics 

After weaving, the pieces were cropped to remove loose fibre, and were 
measured for width, length and weight, and the weight in ounces per 
square yard was then calculated 

Table II. Boiled Yarns 


No 


CONDITIONED 


S\TUR\TED 

Osat 

Ocond 

36" 

Twist 

TPI 


Gnst 

Ib /sp 

Gnst 

CV 

% 

Mean 

strength 

36" 

lb 

Quality 
number 
36" 
lb/lb 

Strength 

36" 

C V % 

Mean 

strength 

36" 

Jb 

Quality 
number 
36" 
lb /lb 

Strength 

36" 

CV % 

RTl Warp 



; i 


1^ 







Ueft 




N 0 

T 

1 .- 

B O I 

LED 


1 



RT2 Waip 

5 0 

1 0 

5 05 

1 01 

17 7 


1 45 

15 1 

143 

6 04 

72 

Weft 

10 5 

57 

1 8 91 

, 0 84 

16 8 

i 

1 25 

19 8 

1 49 

, 4 15 

94 

RT3 Warp 

5 1 

1 6 

1 5 75 

1 13 

la 0 


1 57 

14 7 

139 

! 5 90 

; 82 

Weft 

11 1 

24 

11 2 

, 101 

15 6 

1 14 3 

1 31 

17 9 

1 1 30 

4 13 

1 m 

RT4 Warp 

49 

04 

6 26 

1 1 28 

16 6 

1 8 44 

1 72 

15 3 

135 

I 5 90 

I 98 

Weft 

10 9 

18 

11 7 

1 08 

15 5 

1 15 b 

1 45 

17 9 

155 

4 15 

110 

RT5 Maip 

SO 

16 

6 95 

1 1 39 

14 8 

9 35 

■ 1 87 

14 7 

135 

5 86 

83 

Weft 

10 4 

37 

118 

j 1 13 

17 4 

18 0 

168 

17 9 

149 

3 96 

85 

RLl Warp 




1 



1 

1 




Weft 




N 0 

T 

B 0 I 

LED 





RL2 Warp 1 

49 1 

2 2 

7 25 

1 48 

15 1 

9 35 

195 ' 

ISO 

1 36 

5 08 

10 8 

Weft j 

10 5 

1 2 

14 3 

1 3b 

15 7 

178 

171 1 

13 8 

1 26 1 

3 26 

90 

RL3 Warp 

5 1 

28 

865 

1 70 

13 3 1 

10 7 

2 05 

12 8 

1 21 

5 95 

91 

Weft 

10 6 1 

26 

15 9 1 

1 50 1 

13 8 1 

18 5 1 

1 7b 

12 8 

1 17 

3 37 

115 

RL4 Warp 

50 


9 56 

1 91 

14 4 j 

lib 

2 31 

13 9 

1 21 

4 93 

95 

Weft 

10 6 

20 i 

17 8 

1 68 

15 5 ' 

20 8 

1 97 

13 2 

1 17 

3 03 

11 8 

RL5 Warp 

48 

2 1 

9(10 

1 87 

13 b ' 

12 8 

2 60 

13 5 

1 39 

5 12 

84 

Weft 

10 b 

17 

18 1 

1 71 

U 4 

24 0 

2 29 

12 2 

1 34 

3 n 

91 

NLl Warp 












Weft 




N O 

1 

B 0 I 

LED 





NL2 W'arp 

47 

3 0 

5 40 

J 15 

23 0 

7b4 

1 59 , 

21 2 

I 38 

5 29 

10 4 

W^eft 

10 3 

1 9 

154 

1 49 

17 4 

17 9 

176 

14 3 

1 18 

316 

98 

NL3 W^rp 

5 1 

28 

7 70 

1 51 

17 9 

9 30 

186 i 

18 4 

123 

4 86 

a i 

Weft 

10 9 

1 7 

ISO 

1 b5 

IbO 

20 2 

1 83 

13 1 

1 11 

3 14 

89 

NLl Warp 

54 

2 b 

9 00 

1 67 

18 1 

11 6 

2 18 

18 S 

1 30 

4 88 

94 

Weft 

11 0 

I 4 

195 

1 77 

15 0 

23 7 

2 16 

n 8 

I 22 

3 05 

9 7 

NL5 Wan> 

52 

1 9 

8 43 

1 62 

19 7 

12 6 

2 42 

17 9 

1 50 

5 04 

n 0 

Weft 

n 0 

2 2 

19 0 

1 73 

1 

24 3 

2 21 

13 1 

1 28 

2 95 

UO 


Tensile Strength Six warpway and six weftway stnps, 3 in. wide, were 
frayed down to one inch wide and were then tested m both the conditioned 
and saturated states, the distance between the jaws of the testing machine 
being seven inches The testing instrument used was a Goodbrand 1100 
lb machine, constant rate of traverse 18 inches per minute. 

Tear Strength Six tongue-tear tests across the warp and also across 
the weft were done m both the conditioned and the saturated states, on a con¬ 
stant rate of traverse machine 

The measured data are recorded in Tables I to VI 
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Table III. Boiled Yarns 


No 

36" Mein strength 
ratio—Boiled/Grey 

CONDITIONED 


.TURATED 

Qsat 

Qcsond 

Twist 

Boiled 

/Twist 

Grey 

1 " Mean 
strength 

1 

r Q’ty 
number 
lb/lb 

rev of 

strength 

1 O'' 

r Mean 
strength 
lb 

L..._ . 

r Q’ty 
number 
, lb/lb 

rev of 
strength 

% 

Conditioned 

Saturated 

RTl Warp 











Weft 




N 0 

T B 

0 ILE 

D 




RT2 Warp 

1 06 

101 

8 10 

1 62 

18 2 

10 8 

2 16 

16 9 

1 33 

099 

Weft 

1 04 

1 11 

13 3 

1 27 

21 4 

18 2 

1 73 

19 9 

1 36 

106 

RTS Warp 

100 

1 07 

8 55 

1 68 

180 

11 3 

2 22 

13 6 

1 32 

101 

Weft 

1 13 

1 10 

15 7 

1 41 

23 2 

19 7 

2 18 

17 7 

154 

115 

RT4 Warp 

1 04 

1 07 

9 00 

1 84 

21 3 

11 4 

' 2 24 

20 0 

122 

102 

Weft 

1 06 

108 

17 5 

1 61 

20 5 

22 4 

1 2 06 

23 9 

128 

1 16 

RTS Warp 

1 03 

1 12 

10 0 

2 00 

15 2 

13 9 

1 2 78 

, 15 2 

139 

1 101 

Weft 

103 

1 17 

20 2 

1 94 

16 0 

23 0 

1 2 21 

j 15 6 

1 1 14 

I 1 16 

RLl Warp 











Weft 




N 0 

T 

B 0 I 

LED 




RL2 Warp 

0 99 

1 10 

115 

2 35 

19 8 

13 2 

2 70 

22 0 

1 15 

100 

Weft 

0 94 

1 07 

17 3 

1 65 

19 2 

18 6 

1 77 

19 8 

1 07 

102 

RL3 Warp 

104 

1 11 

11 0 

216 

16 6 

13 5 

2 65 

14 0 

123 

101 

Weft 

0 99 

1 07 

22 6 

2 14 

171 

25 5 

241 

19 1 

1 13 

110 

RL4 Warp 

1 11 

1 11 

11 7 

2 34 

17 5 

15 2 

3 04 

19 2 

130 

101 

Weft 

0 97 

1 07 

22 6 

2 13 

16 7 

25 3 

2 39 

21 5 

1 12 

100 

RL5 Warp 

0 9S 

1 13 

13 3 

277 

19 3 

17 7 

3 68 

15 2 

133 

107 

Weft 

0 99 

1 09 

22 8 

2 16 

15 7 

27 3 

2 58 

21 0 

1 20 

105 

NLl Warp 







1 




Weft 




N 0 

T 

B 0 I 

LED 




NL2 Warp 

0 79 

0 99 

9 32 

1 98 

28 4 

11 4 

2 43 

21 5 

1 23 

106 

Weft 

0 73 

0 96 

21 6 

2 10 

17 3 

23 9 

2 22 

17 6 

1 05 

101 

NL3 Warp 

0 99 

1 20 

13 0 

2 54 

20 3 

14 2 

2 78 

19 8 

109 

0 99 

Weft 

0 74 

1 00 

21 1 

1 94 

20 4 

19 2 

2 00 

16 8 

1 03 

1 27 

NL4 Warp 

102 

1 25 

12 0 

2 22 

25 5 

15 1 

2 80 

18 2 

126 

104 

Weft 

0 75 

1 08 

24 5 

2 21 

15 2 

26 0 

2 36 

15 7 

107 

106 

NL5 Warp 

0 88 

1 33 

12 8 

2 46 

23 2 

IS 8 

3 62 

19 5 

1 47 

1 07 

Weft 

0 75 

1 01 

23 6 

2 14 

21 5 

30 6 

2 78 

16 9 

1 30 

1 16 




k 
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Table IV. Boiled Yarns 


No 

Scounng 

weight 

loss 

% 

Yam 

moisture 

content 

% 

Alkali 

solu¬ 

bility 

num¬ 

ber 

% 

Na 

% 

N 

% 

FIBRE 

Tensi 

le Stiengtl 

i 

Extension at break 

Condi¬ 

tioned 

mean 

Kg/mm® 

Satu¬ 

rated 

mean 

Kg/mm® 

Sat/ 

cond 

Condi¬ 

tioned 

mean 

Kg/mm* 

Satu¬ 

rated 

mean 

Kg/mm® 

Sat/ 

cond 

RTl Warp 

Unboiled 

7 1 

12 4 

22 6 

32 8 

101 

115 

1 14 

44 ’ 

22 

0 50 

Weft 


79 

12 5 

20 1 

32 8 

— 

84 

— 

— 

24 

— 

RT2 Warp 

32 

68 

13 0 

17 8 

23 6 



1 51 

32 

36 

1 13 

Weft 

37 

72 

11 8 

17 7 

26 2 

57 

' 38 1 

0 67 

22 


1 182 

RT3 Warp 

65 

77 

11 0 

14 2 

' 24 7 

88 


0 80 

52 



Weft 

64 

80 

10 6 

13 6 

1 25 6 

90 

64 

0 71 


[14 8 


RT4 Warp 

13 5 

7 6 

55 

67 

16 6 

89 

79 

0 89 

62 


(3 87) 

Weft 

97 

78 

44 

63 

16 8 

77 

43 

0 56 

44 

10 4 1 

2 36 

RT5 Warp 

19 3 

67 

1 5 

25 

10 9 

112 

87 

0 78 

28 

36 

1 29 

Weft 

19 0 

67 

1 6 

25 

11 7 


63 

105 

52 

3 0 

0 58 

RLl Warp 

Unboiled 

82 

13 0 

18 8 

33 8 

— 

82 

_ 

— 

64 

_ 

Weft 


88 

12 2 

18 4 

34 0 

88 ! 

78 

Q 89 

51 

90 

177 

RL2 Warp 1 

23 

86 

12 9 

17 0 

29 9 

— 

44 

.— 

— 

95 

__ 

Weft 

33 

88 

13 8 

19 2 

32 4 

58 

■ 53 

f 

0 92 

60 

64 

1 07 

ltL3 Warp 

65 

75 

11 1 

14 0 

25 0 

— 

60 

_ 

_ 

21 

_ 

Weft 

59 

74 

11 6 

15 2 

27 6 

Ill 

87 

0 78 

30 

52 

173 

RL4 Warp 

13 1 

73 

5 1 

65 

16 7 

111 

99 

0 89 

10 6 

20 

0 19 

Weft 

14 4 

77 

43 

5 6 

17 1 

89 

63 

0 71 

22 

42 

1 91 

RL5 Warp 

19 3 

67 

1 0 

1 8 

11 1 

116 

100 

0 86 

22 

57 

2 59 

Weft 

19 8 

68 

1 9 

3 1 

12 1 

78 

57 

0 73 

70 

10 6 

151 

NLl Warp 

Unboiled 

96 

12 4 

35 4 

50 0 

86 

116 

1 35 

112 

40 

0 36 

Weft 


85 

12 0 

33 2 

50 0 

90 

30 

0 30 

36 

SO 

2 22 

NL2 Warp 

117 

85 

13 8 

18 0 

30 6 

52 

62 

1 19 

10 0 

76 

0 76 

Weft 

13 3 

82 

12 6 

16 3 

33 5 

55 

S3 

0 97 

30 

46 

1 S3 

NL3 Warp 

15 8 

7 7 

11 5 

15 1 

26 3 

57 

66 

1 16 

40 

44 

1 10 

Weft 

17 2 

7 1 

9 1 

12 1 

28 2 

32 

30 

0 94 

48 

74 

154 

NL4 Warp 

20 4 

75 

6 1 

89 

19 5 

59 

69 

I 17 

11 2 

6 2 

0 55 

Weft 

21 4 

7 1 

57 

73 

20 8 

78 

58 

0 75 

56 

56 

1 00 

NL5 Warp 

25 1 

7 1 

1 5 

2 6 

12 1 

80 

34 

0 43 

40 

52 

130 

Weft 

30 8 

65 

24 

36 

13 9 

45 

85 

1 89 

46 

36 

0 78 


Na =sSolubility or losb m weight m boiling 5% Soda \sh solution (2J hours) expressed 
on residual insoluble matter 

N=Alkali solubility as for but using 5''o Caustic Soda 
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Table V, Fabrics 


No 

\Vejght 

oz 

sq yard 

TENSILE STRENGTH 

lb /m /oz 
Sat/cond 

ratio 

Mean 

ratio 

Conditioned | 

[ Saturated 

lb/in 

Mean 

lb /in /oz 

%Iean 

Ib/m 

Mean 

j lb /in /oz 

Mean 

RTl Warp 

22 7 

! 243 

269 

10 7 

11 S 

343 

374 

1 15 1 

16 5 

141 

1 39 

Weft 


295 


130 


405 


17 8 


137 


RT2 Warp 

23 4 

* 233 

291 

10 0 

12 4 

350 

409 

^ 15 0 

17 5 

1 50 

1 42 

Weft 


348 


14 9 


468 


1 20 0 


134 



23 8 

247 

312 

10 4 

13 1 

379 

448 

16 0 

18 9 

1 53 

1 46 


1 

376 

1 

15 8 


517 


21 8 


1 38 


RT4 Warp 


wKlM 

318 

119 

13 8 

453 

496 

19 7 

21 6 

1 66 

158 

Weft 

■H 



15 7 


538 


23 4 


1 49 


RTS Warp 




12 3 

15 3 

443 

525 

19 1 

22 6 

157 

1 50 

Weft 

mm 



18 5 


607 


26 2 


1 42 


RLl Warp 

21 3 

293 

296 

13 7 

16 2 

427 

■ 427 

20 1 

20 1 

1 4b 

1 27 

Weft 1 


398 


18 7 


426 


20 1 


1 07 


RL2 Warp 

22 8 

315 

409 

13 8 

18 0 

467 

^ 548 

20 5 

24 0 

148 

137 

Weft 


503 


22 0 


629 


27 6 


1 25 


RL3 Warp 

24 0 

358 

435 

149 

18 1 

508 

572 

21 2 

23 9 

1 42 

1 33 

Weft 


511 


21 3 


635 


26 6 


1 24 


RL4 Warp 

23 6 

376 

453 

160 

19 2 

492 

607 

20 9 

25 7 

1 31 

134 

Weft 


530 


22 4 


721 


30 6 


1 3b 


RL5 Warp 

23 0 

358 

463 

15 6 

20 1 

515 

657 

22 4 

28 6 

1 44 

143 

Weft 


568 


24 8 


799 


34 8 


141 


NLl Warp 

21 5 

293 

443 

13 6 

20 6 1 

337 I 

411 

15 7 

19 2 

1 15 

0 99 

Weft 


590 


27 4 


484 


22 6 


0 82 


NL2 Warp 

22 6 

262 

419 

11 6 

18 5 

381 

470 

lb 9 

20 8 

1 45 

1.21 

Weft 


575 


25 5 


559 


24 8 


0 97 


NL3 W^arp 

23 7 

301 

438 

12 7 

18 5 

436 

565 

18 4 

24 0 

1 45 

133 

Weft 


575 


24 3 


694 


29 2 


1 21 


NL4 Warp 

25 0 

332 

512 

13 3 

20 5 

457 

64b 

18 3 

25 9 

1 38 

1 30 

W^eft 


691 


27 6 


834 


33 5 


121 


NLS Warp 

24 4 

338 

498 

13 8 

20 5 , 

488 

672 

1 20 0 

27 5 

1 44 

1 37 

Weft 


658 


27 0 


853 


1 35 0 


1 30 

1 
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Table VI. Fabrics 


■Mo 

TONGUE TEAR STRENGTH 


Conditioned 

Saturated 

Sat /cond. 
ratio 

Across 

lb 

Mean 

lb 

Mean 

RTl Warp 

127 

115 

139 

136 

1 18 

Weft 

103 


132 



RT2 Warp 

113 

101 

145 

137 

135 

Weft 

89 


128 



RT3 Warp 

117 

no 

161 

148 

134 

Weft 

102 


135 



RT4 Warp 

117 

118 

154 

154 

1 30 

Weft 

118 


154 



RT5 Warp 

114 

115 

164 

165 

143 

Weft 

115 


166 



RLl Warp 

146 

157 

162 

156 

100 

Weft 

165 


149 


i 

RL2 Warp 

141 

144 

177 

167 

1 16 

Welt 

147 


157 



RL3 Warp 

151 

147 

177 

178 

121 

Weft 

143 


178 



RL4 Warp 

149 

151 

175 

174 

1 15 

Weft 

153 


172 



RL5 Warp 

147 

168 

190 

212 

1 26 

Weft 

188 


234» 



NLl Warp 

114 

153 

160 

173 

1 13 

Weft 

191 


185 



NL2 Warp 

83 

136 

168 

196 

144 

Weft 

189 


224* 



NL3 Warp 

114 

155 

173 

196 

126 

Weft 

195* 


218* 



NL4 Warp 

92 

133 

227* 

234 

176 

Weft 

173 


241* 



NL5 Warp 

106 

139 

191 

216 

1 55 

Weft 

172 


240* 




* Measured on 1,100 lb capacity Goodbrand machine, others measured on 
200 lb machine 


DISCUSSION OF RESULTS 

Yarn Grist 

Both grey and boiled yarns are substantially steady at the grists expected 
The average figures for gnst vanation taken upon lOO yard lengths (CV) 
over all grey and over all boiled yams are +28 per cent and ±22 per 
cent respectively, whilst there is also little or no indication that the coefficient 
of vanation changes as grey grist increases within the range studied 
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In the unboiled conditioned state the natural line wefts have the highest 
intnnsic strength, due in some measure to the high grey gnst employed to 
give requisite gnst after boiling The weakest yams are the retted tow 
wefts Upon saturation, remarkable differences are observed; thus the 
yarns spun from retted flax tow increase roughly by the same amount— 
36 per cent —the retted line yarns increase by roughly 20 per cent for warps 
and 9 per cent for wefts whilst the natural line warps increase only by 5 
per cent The natural line wefts actually decrease by 12 per cent 

For the boiled yarns in the conditioned state all warp yams are roughly 
of 4i lb /sp in gnst and all weft yams stand nominally at 10 lb /sp Here 
the retied line warps are strongest and retted tow yarns are weakest Upon 
saturation all the boiled yarns increase in quality number, once more the 
retted tow yarns show the greatest percentage increase, whilst the natural 
line wefts show the lowest Whilst the fundamental causes responsible 
for this difference in behaviour remain to be elucidated, it is suggested that 
in these measured data lies some knowledge which might be utilised for the 
identification of vanous flaxes when in the form of dry spun yam 

It will also be noted for all yarns (Table II), that as the seventy of 
boiling increases to give a constant final gnst from yams of increasing grey 
gnst, i e the greater the content of alkali-tnsoluhle matter or the greater the 
chemical punty of dry spun flax yarns, the greater is the conditioned 
quality number or intnnsic yarn tensile strength The same observation 
applies for dry spun flax yarns when saturated with water From previous 
extensive experience in the eflect of boiling techniques of varying seventy, 
the author suggests that their effect upon any one yarn of any one grist 
should not be matenally different from the deductions obtained from this 
present work 


(r) Coefficient of Variation of Yarn Strength (36 inch.) 
Once more calculating suitable averages we have— 

Table IX 


Data 

Rettec 

1 Tow 

Retted Line 

Natural Line 

Mean 

Warp 

Weft 

Warp 

Weft 

Warp 

Weft 

Grey Conditioned 

15 6 

17 3 

16 5 

14 6 

24 0 

16 6 

17-4 

Grey Saturated 

14 4 

17 1 

14 6 

12 9 

20 0 

14 6 

15 6 

Boiled Conditioned ! 

16 0 

16 4 

14 1 

14 1 

19 7 

16 1 

16 1 

Boiled Saturated 

15 0 

18 2 

13 8 

13 0 

19 1 

13 1 

15 4 

Mean 

15 3 

17 3 

! 14 S 

13 7 

20 7 

15 1 



It is concluded that the retted line yams tend to be most regular in 
strength, whilst the natural line warps are least regular due possibly to 
under-gristing, i e, forcing the fibre to spin below its optimum minimum 
gnst In both the grey and boiled states saturation tends to decrease slightly 
yarn strength irregularity. Boiling also tends to reduce irregularity to a 
minor extent. 
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(d) Yarn Quality Number (i inch } 

Table X 



Retted Tow 

Retted Line 

Natura 

l1 Line 


Warp 

Weft 

Warp 

Weft j 

Warp 

Weft 

Boiled Conditioned 

1 78 

1 56 

2 41 

2 02 

2 30 

2 10 

Boiled Saturated 

2 35 

2 05 

3 02 

2 29 

2 91 

2 34 

Sat /Cond Ratio 1 

Cond 17 Cond 36" 

132 

1 32 

1 25 

1 14 

1 27 

1 12 

Ratio j 

1 48 1 

1 53 

1*38 

1 29 

1*54 

1 26 

Sat I'VSat 36" Ratio I 

142 

144 

1 35 

1 18 

1 43 

1 17 


Mean Conditioned Quality Number 1" 
Mean Conditioned Quality Number 36" 
Mean Saturated Quality Number 1" 
Mean Saturated Quality Number 36" ~ 


Although the figures are somewhat erratic, it is concluded that the effective 
increase of yam tensile strength due to decrease of specimen length from 
36 inches down 1 inch is slightly higher in conditioned than in the saturated 
state The individual increases appear to be related to the type of fibre used. 


(e) Single Fibre Strength [Kg jsq mm ) 


Table XI 


Data 

Retted Tow 

Retted Line 

Natuial Line 

Mean 

Warp 

Weft 

Warp 

Weft 

Warp 

Weft 

Boiled Conditioned 

90 

71 

114 

84 

62 

63 


Boiled Saturated 

1 86 

52 

76 

65 

58 

67 

__ 

Sat /Cond Ratio 

1 0‘96 

0 73 

0 «7 

0 77 

0 94 

107 

0 86 


The erratic nature of the individual figures lenders the drawing of exact 
conclusions difficult The tendencies exist, however, for retted fibre to be 
stronger than unretted and for retted line to be stronger than retted tow 
Saturation with water tends to reduce the strength of flax fibre Averag¬ 
ing strength values over all boiled and all grey fibres in both the conditioned 
and saturated states also appears to show that boiling reduces flax fibre 
strength slightly (average grey 88 kg /sq mm , average boiled 73 kg /sq 
mm) The mathematical relationship between yarn strength and fibre 
properties may be expressed in its simplest form thus— 


S= 


K.FX 


where S=Yarn strength, 


F=Fibre strength, 
Z“Mean fibre length, 
^=Mean fibre fineness, 
X is a constant 


The proportionality constant K includes terms related to internal friction, 
twist, regularity, etc. The general marked increase in flax yam strength when 
wetted and yet the simultaneous reduction in fibre strength must mean that 
K increases smce it is unlikely that Z or can be effected by saturation 
It is generally accepted that the pronounced lateral swelling which occurs 
when flax fibres are wetted will increase fibre to fibre binding or internal 
faction 
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(f) Single Fibre Extensibility at Break per cent 

Table XIA 



Retted Tow 

Retted Line 

Natural Line i 


Data 








Warp 

Weft 

Weft 

Warp 

Warp 

Weft 



Boiled Conditioned 

1 44 

45 1 

(6 4) 

46 

7*3 

4-5 

6*1 

Boiled Saturated 

10 1 

8 1 1 

48 

66 

59 

5-3 

6*8 

Sat /Cond Ratio 

i 2 30 

1 80 1 

— 

1 43 

0 81 

1 18 

1 33 


The individual figures are too erratic to permit the drawing of exact con¬ 
clusions, but it seems that a definite tendency exists for saturation to 
increase elongation at break Evidence of a more tenuous character exists 
which shows that elongation increases very slightly upon scounng 

The single tensile strength figure quoted by Meredith® for conditioned 
unboiled line flax, viz 6 i gm /den or 83 kg /sq mm is somewhat lower 
than the over-all average calculated above (88 kg./sq mm.) His value of 
3 per cent for elongation at break is also lower than the over-all average 
value recorded here (5 i per cent.). 

Twist 

Boiling has a slight, but definite, increasing effect upon yarn twist The 
increase is similar for retted tow and natural line yams and rather larger 
than for retted line 



Ratio of 

Fibre 

Boiled Yarn Twist 


to Grey Yarn Twist 

Retted flax tow 

107 

Retted flax line 

1 03 

Natural flax line 

108 


Loss in Weight on Boiling and Residual Alkali Solubility 

The alkah solubility technique devised by the Linen Research Association 
as a measure of the chemical punty of boiled flax yams has gradually become 
looked upon as an inverse measure of the probable loss in weight which has 
occurred during scounng. It has therefore been used as an aid to the 
bleacher who has to scour the yams, and by the analyst who has to report 
upon, not only the chemical purity, but also the probable wastage in order 
that a suitable grey gnst may be calculated for the spinner. 

Figure I shows losses in weight incurred during boiling plotted against 
residual alkali solubility The retted tow and hne pomts appear to he about 
one curve and the natural line points about another roughly parallel but 
displaced in the direction of greater loss in weight for equal alkali solubility. 
The complexity of these curves prevents any simple formula from being 
obtained as an analytical aid, but it is suggested that a simple relation 
should exist if the testing technique aimed at determination of the total 
soluble matter as distinct from that due to the alkali alone It is further 
desirable that the boiling conditions used in the test should be more severe 
than anythmg likely to be met with in bulk practice 

Mathematically, the relation between weight loss on scounng and 
residual solubility may be expressed as follows— 

Consider 100 parts oven dry grey flax containing So parts soluble matter 
under the severest scounng conditions, and hence (100-So) parts insoluble 
matter 
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Now let the flax be scoured with a loss in weight of W per cent., (both 
ongmal and boiled weights being on the oven dry basis), such that residual 
total soluble matter, on the boiled oven dry weight, is S per cent, i e 
(100-S) parts insoluble matter are now associated with S parts soluble 
matter In the original yarn however, (100-So) parts insoluble matter were 
associated with So parts soluble matter (100-So) parts insoluble matter are 

(lOO-So) 

associated in the boiled yarns with-^^”^_^^ S parts soluble matter whence 
weight loss, 

(100-So) 

W=-So- (-100_5) S .. . . . .r 

which may he rearranged thus— 

100 (So-S) 

^=■(^5^ • • • • - 

where So is the solubility of the grey and S that of the boiled yam This 
equation when plotted on graph paper does not, however, give the desired 
straight line relationship between loss in weight and residual solubility. A 
linear relationship may be obtained if we refer the residual solubility as a 
percentage of the insoluble content thus— 

100 So . , 100 S 


Let No^ 


(100-So) 

100 A'o 


and N=- 


(100-S) 
100 A 


\Ar hence So -— and S---* . 

(lOO+A'o) (100+iV) 

Substitution of these values in equation (2) with rearrangement gives- 
^^,_^ loo (No-N) 

(lOO + iVo) 


This equation is linear since No is constant for any particular flax mix. 
When W is zero then N=No, when N is zero then W=Sq, Hence if our 
assumptions are tenable, points obtained by plotting N values against W 
values should be on a straight line joining the two points (N^No, W=o) 
and {N=o, 11 ^=So) whose slope is given by 100/(100-So) Hence, where the 
grey unboiled material is available, simple determination of So and hence No 
enables a boiling control line to be drawn Determination subsequently of 
S and N on boiled yarns should enable reasonably accurate wastage figures 
to be quoted This should obviate the present inaccuracies of bulk weighing 
of boiled yarn which may be overdamp or overdry and which is rarely 
given sufficient time or proper aeration in which to “ condition adequately 
The vanation in alkali solubility relations from one flax mix to another still 
precludes any accurate indication of the probable loss in weight that any 
scoured yam has suffered, if a grey control is not available 

The seventy of the scouring m the testing technique has preferably to 
be chosen so that virtually no soluble matter remains after treatment. It is 
recognised that the limit of severity would be obtained by determination 
of the cellulose content, as for example by the Cross and Sevan method, but 
this would be tedious and unnecessary as a works control procedure. The 
total loss in weight obtained by boiling for zi hours in 5 per cent soda ash 
solution, as m the alkali solubihty method is reasonably severe, but is con¬ 
sidered not severe enough to cover those cases where yarns have been 
scoured m bulk in caustic soda solutions This appears to be confirmed by 
plotting values of {i e total solubility using 5 per cent soda ash liquor) 
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against scounng weight loss for the present set of yarns (Fig 2). Although 
the points for the natiual flax line he close to the theoretical line, the poirts 
for the retted flaxes shew some deflection at the higher scounng weight losses 



■rig i 

Loss m weight on scouring and residual alkah solubility (5% caustic soda) %(N) 

by 5 per cent caustic 

soda (Fig 3) appears to bring all points nearer to the theoretically expected 
stoight hues and has been adopted for the present investigation. The 
a op ion IS, however, tentative pending a wider investigation as it may 
prove mece^aty to increase still further the seventy of the testing scour 

incurred during scounng have been corrected 
1,0 differences in moisture content between the grey and boiled 

So coOTcted, percentage losses in weight on air dry weights are 
idenfacal with those expressed on oven dry weights. ^ ^ 

Fabric Tensile Strength 

^ ® tbe case of the retted 

^ ®°^’^ble content decreases, t e 

as the cellulose content increases, fabnc tensile strength steadily increases 
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in both the conditioned and saturated states Whilst this is also true for the 
natural flax line fabrics in the saturated state, the tensile strength in the 
conditioned state first decreases and then returns to its grey value at the 
highest cellulose content Taking grey and highest boiled values we have— 

Table XII 


' 

Grey 

Sal/ 

Boiled 

Sat/ 

Boiled/Grey 


Cond 

Sat 

Cond 

Cond 

Sat 

Cond 

Cond 

Sat 

Retted Tow Warp 

10 7 

15 1 

1 41 

12 3 

19 1 

1 57 

1 15 

1 26 

Weft 

13 0 

17 8 

1 37 

18'5 

26 2 

142 

1 42 

1 1 47 

Retted Line Warp 

13 7 

20 1 

1 46 

16-6 

22 4 

144 

1 14 

1 Ml 

Weft 

18*7 

20 1 

107 

24 8 

34 8 

1 41 

133 

: 1 73 

Natural Line Warp 

13 6 

15 7 

1 15 

13 8 

20 0 

144 

i 1 00 

; L27 

Weft 

27-4 

22 6 

0 82 

27 0 

35 0 

1 30 

1 1 00 

1 1 55 


(Note Fabric strength is recoided here in lb /inch/oz ) 


On reference to Table VIII it will be noted that increase of grey fabric 
tensile strength on saturation roughly follows the increases shown by the 
grey yarns when wetted The sensitivity of the unboiled natural line weft to 
wetting, in its marked strength reduction, is again shown up in the fabnc 
The fabncs prepared from boiled yarns also show a roughly similar order 
of increase when wetted as do the boiled yams 

It will also be observed by reference to Table VII that the increase of 
fabnc strength, as yarns are progressively scoured, is much greater m both 
the conditioned and saturated states than the increases shown m actual 
yam strengths Figure 4 shows yarn quality numbers (means of warps 
and wefts at 36 in and also i in ) plotted against fabric tensile strengths 
(means of w^arps and wefts expressed in lb /inch/oz ) It is concluded that 
the points for all three fabncs in both the conditioned and saturated states 
he closely about two straight lines which pass through the ongin Table 
XIII shows values for the ratio of the mean fabric tensile strength (in 
lb /mch/oz ) to the mean yarn quality numbers (lb /lb )— 

Table XIII 


Fabnc 

1 36"' Quality Number 

V Quailt}*- Number 

Conditioned 

Saturated 

Conditioned 

Saturated 

Retted Tow 





Unboiled 

13 3 

13 0 

— 

— 

15% A S 

13 4 

13 0 

86 

90 

10% A S 

12 2 

13 1 

85 

86 

5% A S 

11 7 

13 6 

80 

10 0 

2% A S 

12 2 

12 7 

7 8 

9 1 

Retted Line 





Unboiled 

11 2 

12 1 

— 

— 

15% A S 

12 6 

13 2 

90 

10 8 

10?o AS 

11 3 

12 5 

84 

95 

5% A S 

10 7 

12 0 

1 86 

95 

:5% A S 

11 3 

11 7 

1 82 

1 92 

Natural Line 





Unboiled 

14 8 

14*2 

— 

— 

15% A S 

14 1 

12 4 

92 

90 

10% A S 

11 1 

12 9 

78 

10 0 

5% A S 

1 11 9 

11*9 

93 

10 0 

2% A S. 

12 1 

11 S 

89 

! 

86 

Mean 

Mean 

t 

12 3 12 7 

12 5rli0 19 

85 94 

9 OiO 15 
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Mean fabric tensile strength and mean yam quality number 

It IS concluded from these figures that an apparently simple relation exists 
between yarn and fabnc tensile strength, at least within the type and 
range of fabnc, yarn and fibre at present studied 

Figure 5 shows residual caustic soda solubility factors or N values plotted 
against mean fabnc conditioned tensile strength The retted tow values 
lie close to one straight line, and the letted line values close to another 
roughly parallel straight line The natural line values are erratic, but are 
situated near to the retted line group Figure 6 shows similar values 
plotted for saturated fabncs The retted tow points he closely about one 
straight line, and both the retted and natural line fabncs about another, 
roughly parallel, straight line. It is suggested that this simple type relation 
between chemical punty and fabric tensile strength should be of some value 
in the design and construction of heavy fabncs 
Pabnc Tongue-Tear Strength 

In the conditioned state the retted line fabncs are, on the average, of the 
highest tear strength, and are followed closely by the natural line fabrics 
The retted tow fabncs are the weakest On the average, saturation increases 
the tear strength of all fabncs, natural line by 42 per cent , retted tow by 
32 per cent and retted line by 16 per cent Although the figures are some¬ 
what erratic, a tendency exists in all the fabncs for increase m tear strength 
on saturation to become greater as the chemical punty of the fabric increases 
Figure 7 shows mean fabnc tongue-tear strength plotted against N values. 
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Conditioned mean fabric tensile strength and chemical punt>’ -^N% 

In the conditioned state, retted tow fabrics appear virtually unaffected by 
the degree of scounng; retted line fabncs increase distinctly whilst natural 
line fabncs tend to fall m tear strength as chemical punty improves Upon 
saturation all fabncs tend to increase in tear strength as the content of 
residual soluble matter decreases The ratio of mean fabnc tongue—^tear 
strength (lb) to mean fabnc tensile strength fib./inch) appears reasonably 
constant over each range studied— 


Fibre 

Ratio of 

Mean Tongue-Tear Strength (lb) 
to Mean Tensile Strength (lb /mch) 

Conditioned 

Saturated 

Retted Tow 

0 36 

0 33 

Retted Line 

0 38 

0 32 ^ 

Natural Line 

0 32 

1 

0 37 

Mean 

0 36 1 

0 34 


If the mean yarn quality numbers are plotted against mean fabnc tear 
strengths a scatter of points about straight lines is obtained The spread of 
points IS not, however, close enough to warrant drawing any conclusion 
beyond observing the expected tendency for tongue-tear strength to increase 
as yarn quality number increases. 

Summary 

The main conclusions drawn from this work are summanzed as follows— 

(i) For any one flax fibre mix, as grey yarn gnst is increased, quality 
aumber or intrinsic yam strength also tends to increase 
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(2) Alkaline scouring of heavy dry spun retted flax low yams tends 
slightly to increase conditioned yam tensile strength (as distinct from 
quality number or intnnsic strength). Retted flax line yams appear to be 
unaffected whilst natural flax line yarns lose markedly in strength The 
severity of scounng does not appear to have any effect In the saturated 
state, however, alkaline scouring appears to increase the tensile strength, of 
all three types, by roughly the same amount (9 per cent). 



Saturated mean fabric tensile strength and chemical purity •~N% 

(3) In the unboiled conditioned state, the line yarns are stronger than 
the tows, ’^th natural line wefts outstandingly strong at an average quality 
number of 1*78 lb /lb. Upon saturation with water, however, whereas the 
retted tow yams gam roughly 33 per cent, in strength in both warp and weft, 
^retted hne yams gam only 20 per cent, in'the warps and 9 per cent in the 
wefts Natural line warps gain only 5 per cent whilst natural line wefts 
lose 12 per cent in intrinsic strength, when wetted Scouring increases con¬ 
ditioned yarn intnnsic strength in all cases except for natural line wefts, 
which slightly decrease In the saturated state scouring increases yarn quality 
numbers in all cases 

(4) The higher the content of matter insoluble in alkali at constant yam 
gnst, i e the greater chemical purity, the greater is the yarn intnnsic 
strength and the greater the increase m strength upon saturation with water, 

{5) Natural or unretted flax line warps in this work are more irregular m 
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strength than the other yarns examined, due, it is suggested, to under- 
gnsting Both scouring and saturation tend slightly to decrease the yam 
strength irregularity. 

(6) The effective increase in yam tensile strength upon reduction of test 
len^h appears to vary with the type of fibre and to be slightly greater m 
the conditioned state than when saturated 



7 

Mean fabnc tongue-tear strength and chemical purity — N% ^ 


(7) Single fibre (z e single ultimate bundle) tensile strength appears to 
be greater for retted than for unretted fibre and to be higher for line than 
for tow Evidence has been obtained that fibre strength is reduced slightly 
both by scouring and saturation, w^hilst elongation at break tends to increase 
slightly, at the same time 

(8) Yam twist appears to increase definitely (7-8 per cent) upon scour¬ 
ing ot retted flax low and natural flax line yarns A smaller increase (3 
per cent.) has been found for retted flax line yams. 

(9) The mathematical relation between loss of weight in scouring and 
residual solubility in further complete*' test scounng has been shown to 
be hnear. Residual solubilities, termed N values, determined by the use, 
tentatively adopted, of boiling 5 per cent, caustic soda solution have 
been shown to fit closely to the theoretical]}/ expected straight lines, when 
plotted against weight losses 
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(10) As the seventy of scounng is increased, the average fabric tensile 
strength, in both the conditioned and saturated states, of retted flax tow 
and retted flax line fabrics, also increases In all cases the tensile strength 
of these fabrics increases upon saturation and the increase becomes larger 
as the seventy of scounng is increased. Natural or unretted flax Ime 
fabrics show anomalous results as might be expected from the yarn properties. 
In the conditioned state, the average fabnc tensile strength tends to fall as 
the natural flax yams are boiled, but rises back to the grey values at the 
highest degree of chemical purity The tensile strength of the unboiled 
natural flax fabric falls upon saturation, but all fabrics made from boiled 
natural flax yams gam in strength when wetted with water 

(11) An approximately linear relation appears to exist between mean 
fabnc tensile strength and residual caustc solubility or N values, for all 
fabncs in the saturated state. The retted tow points he on one straight line 
whilst the retted and natural line values appear to be coincident about 
another roughly parallel straight line Similar lines are obtained with con¬ 
ditioned strength values but here the abnormal values given by the natural 
line fabrics are clearly shown. Similarly deductions may be made between 
yam strength and ISf values although the scatter of points is much greater. 

(12) Mean fabric tensile strengths plotted against mean yarn quahty 
numbers 36 inch and i inch, (average of warp‘and weft) for grey, boiled, 
conditioned and saturated values give two scatters of points which lie fairly 
closely about two straight lines which pass through the ongin. 

(13) Fabric tongue-tear strength appears to be insensitive to the degree 
of chemical purity in the case of the retted tow fabncs in the conditioned 

” state. Retted hne fabrics show a slight increase, whilst natural line fabncs 
show a shght decrease in tear strength under similar conditions When 
saturated, all fabncs increase m tear strength and also increase as chemical 
purity is improved With all the three types of fibre, conditioned or saturated, 
the mean fabric tongue-tear strength appears to be roughly one-third of the 
mean fabric tensile strength 
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FIBRE MATURITY OF COTTON 
DIFFERENTIAL DYEING TEST 

The Editor, Journal ofjhe Textile Institute 

The following account, in a more detailed version, has recently appeared 
elsewhere * It is subuutted here for the benefit of English readers who may 
not be acquainted with the interesting work of Goldthwait and his colleagues 
A test for the detection of immature, thin-walled cotton, using a binary 
mixture of direct cotton dyes, has been reported by Goldthwait, Smith and ' 
Barnett ® The test involves a dyeing technique in which normal thick- 
walled hairs assume a red, and thm-walled, a green colour It is simple to 
carry out and of obvious usefulness for the pre-identification of neppy cotton. 

The present communication concerns the application of this technique to 
viscose rayon in the form of staple fibre. Goldthwait has suggested* that 
the red and green dyes chosen may have some specific affinity, respectively, 
for thick- and thin-walled cotton celluloses We have not studied this 
possibility for such cottons, and that may be so But, based upon previous 
studies of dye diffusion into many forms of regenerated cellulose—^in par¬ 
ticular, viscoses of varying filament dimensions—^it seemed to us that two 
known factors could themselves provide a basis for the very useful observa¬ 
tions of Goldthwait et al These factors are.— 


(i) Direct dyes may diffuse into cellulose at very widely different speeds. 
In fact, Boulton's figur€s^ for the actual dyes used by Goldthwait et.al are: 



Time of half-dyeing 

Diphenyl Fast Red 7BL (C 1 No 278) 
Chlorantine Fast Green BLL 

• 

__j 

0 88 minute 

55 2 minutes 


These times are a roughly comparable measure of diffusing rates of the 
two dyes into a given cellulosic fibre 

To this factor might be added the corollary that dyes which diffuse 
relatively rapidly also wash off into water relatively readily. This is cogent 
to the cotton maturity test, which includes a hot-water stripping after dyeing. 

(2) If a thick fibre and a thin fibre are dyed together: 

(а) The finer filament will dye the more rapidly in the initial stages on 
account of the greater surface per unit weight offered to the dye bath 

Elements of fine-structure such as degree of onentation and closeness of 
intramicellar packing have a great influence on dye diffusion, and this 
initial difference may be offset in the over-all dyeing process by differences 
in ease of penetration. 

(б) In spite of any differences m dye-absorption rate, it will always 
happen that, when the two fibres have absorbed equal weights of dye per 
unit weight of fibre, the coarse fibre will appear the darker.® 

With these factors in mind, we have taken the suggestion made by ^ 
Goldthwait that the test might be tned on viscose rayon, and have used 
fibres of knowm coarse and fine deniers m place of thick- and thin-walled 
cotton. 

{Hesults and Discussions 

(i) Influence of fibre thickness 

Staple fibres, made up from Courtaulds bright ‘"Fibro" i*5-denier and 
■ 50-denier were dyed, in equal weights, exactly as in the test ® 
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The results showed the fine i 5-denier to be dyed greensand the coarse 
50-demer to be dyed red Dyeings on a range of fibres of increasing denier 
between 1-5 and 50 showed that the shade increased in redness with increas¬ 
ing denier up to the flat red given by the 50-denier ** Fibro (the range used 
was 1*5, 4*5, 8, 18, and 50 denier) 

When examined before the washing in boilmg water, all deniers had 
absorbed some red dye, the green shade on the finest denier developed only 
as this portion of red dye was washed out Thus, fine-and coarse-denier 
''Fibro" behave, qualitatively, precisely as thin- and thick-walled cottons 
do Mounted swatches of comparative dyeings have precisely the same 
appearance as the coloured photographs in the paper of Goldthwait et aL < 
The range of fibres was now dyed, m two separate sets, with the singk 
dyes, using i 20 per cent. Diphenyl Fast Red 7BL and 2-8 per cent. 
Chlorantine Fast Green BLL under the standard conditions 

In the case of the red, all deniers absorbed dye strongly, but depth of 
dyeing increased sharply with increasing denier. On applying the standard - 
30 seconds' boiling wash, all the fibres lost an appreciable proportion of dye. 

In the case of the green dye, all fibres were more nearly equal in depth, 
they lost very httle dye in the 30 seconds' boiling wash 
A rational explanation of these results is as follows — 

Of any two dyed fibres of like composition but different thickness, the 
colour of the finer filament will always appear lighter in depth than the 
thicker for the same weight of dye per unit weight of fibre. This is a straight¬ 
forward optical effect,^ dependent on the fact that any beam of light entenng 
the fibre and returnmg to the eye by reflection from inner surfaces has to 
traverse, a shorter mean path in a thm than m a coarse filament. The depth 
of intensity of colour apparent to the eye is related directly to the mean path 
length. 

This can be algebraically expressed in terms of amount of dye required 
to give equivalent depth • 

Let Cp and C be the amount of dye found to give equivalent optical 
depth on fine and coarse fibres, respectively, and Dp and D be the mean 
diameters of these fibres Then 

Cf _ Dc 
Cc Dp 

Denier is proportional to diameter squared and 

^ / coarse denier 
Cc V denier 

In our case. 



To appear equal, the i 5-demer fibre would need to have 5 8 times as 
much dye on as the so-denier. Now with the rapidly diffusing red dye, the 
dyeings after 45 minutes' total dyeing time were approximately equal m dye 
content The natural result of this is that the coarse fibre appeared about 
six times as intensely coloured as the fine 

Furthermore, in the boiling wash test there is more red dye washed off 
the fine than off the coarse filament, because there is much more surface 
per unit weight—^that is, a very much larger water-cellulose mterface The 
areas of these surfaces stand in the relation of the fibre radii—that is, 5-75 
to 33, which means nearly six times more mterfacial area on the fine than 
on the coarse fibre. 
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The observable, and inevitable, result of all this is that the thin fibre 
comes out of the test with enough red dye to give a pale pink and the thick 
fibre IS full red 

Now the dyeings with Chlorantine Fast Green BLL had shown that, in 
fact, there was little difference in depth between the fine and coarse fibres. 

We have said that, in theory and by observation, the coarse red dyeing was 
about SIX times as intense as that on the fine fibre with the same dye. This 
should be true also of the green dyeings, if, and only if, Chlorantine Fast 
Green BLL were at about the same concentration on each dyeing. But, ' 
unlike the red, which has reached equihbrium inside the 45 minutes of total 
dyemg, this green dye reqmres many hours to do so, and at 45 minutes the 
matenal is only in the initial stages of dye absorption. The actual results, 
using the test conditions, but progressively extending the dyemg time up to 
3 hours, were as follows. 

Tune of dyeing minutes 16 30 45 60 120 210 360 

Percentage dyebath exhaustion 

Denier 15 0*7 3*3 10 8 13 5 18*1 22 2 23 1 

Denier 60 00 23 37 77 11*6 16 3 31*4 

We see from this that m the early stages i 5-denier “Fibre" is dyeing 
more rapidly than so-demer. This is commonly observed in dyemg mixed 
deniers, it is in the early stages that the fibre surface factor has the greatest 
influence At the end of the dye test period, the fine fibre has more green 
dye than the coarse It has not, however, the six times* excess that it should 
have to provide equahty in appearance But the fibres, at this stage, are not 
dyed throughout their thickness with the slowly diffusing green dye and the 
stnet optical relation does not hold As stated, the two 45-mmute dyemgs, 
containmg 3*7 and 10 8 per cent available dye, respectively, were almost 
equally intense to the eye This relationship is not affected by the boiling- 
water stnp, as none of the slowly diffusing green dye is removed from either 
fibre. 1 

The net result of the differential dyeing rates of the two dyes, the 
differential optical appearance of the two dyed fibres, and the influence of 
fibre surface on both rate of dyemg and ease of stnpping is to give, undei 
the conditions of test, a fine filament which looks green and a coarse one 
which appears flat red, and this is what Goldthwait et al have observed for 
their thin- and thick-walled cotton celluloses 
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Goldthwait, Smith and Barnett^ have desenbed a technique for 
differentiating between thick- and thin-walled cotton fibres by dyemg the 
cotton with specially selected green and red direct colours. Immature cotton 
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IS said to dye green and mature cotton pink We have dyed samples of raw 
cotton and drawframe sliver using their technique and have prepared fihre 
arrays from them using the comb sorter method described by Clegg^ and 
black velvet pads 

We found that all diagrams had greenish fringes and a deep pink centre 
band, which grew less intense near the short fibre end of the diagram. 
Examination with a magnifying glass suggested that the middle of most long 
fibres was pink and that they had greenish ends Some of the short fibres 
also appeared to have pink imddle portions and green ends, whilst other 
short fibres appeared to be mamly green or mainly pink 

To confirm our findings we selected from a sample of dyed drawframe 
sliver tufts of fibres which appeared to be pink and tufts which appeared to 
be green, and which, according to Goldthwait, Smith and Barnett, ought to 
have consisted of thick- and thm-walled fibres, respectively Fibre stapling 
diagrams made from these selected tufts again had green fringes and a pink 
central band, the mam difference being that the intensity of the central band 
and the length of the fringes varied Cotton fibre immatunty count tests® 
and hair weight per centimetre tests®»® were also made on tufts selected from 
the drawframe sliver before dyeing and on selected tufts of dyed fibres, the 
following results being obtained -* 



Undyed fibres 
(Random sample 
of 64 tufts) 

Tufts of selected 
fibres 

Pink Green 

Fibres Fibres 

Hair weight per cm < 10 - * gram 

Immaturity count (normal %—dead %) , 

175 

40-^16 

201 

50-16 

253 

43-14 


Our test results suggest that the results obtained from the differential 
dyeing technique are senously affected by factors other than fibre matunty 
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I. INTRODUCTION 

A survey of the literature relating to the testing of fabrics in order to fore¬ 
tell serviceability shows that interest so far has been centred in the design 
and performance of the testing instruments rather than in the effect on the 
textile fibres of wear in service. This paper deals essentially with the micro¬ 
scopical examination of fibres from worn garments, the mechanism of their 
b^akdown and their comparison with fibres from cloths which have been 
^bjected to laboratory tests. 

f Resistance to what is commonly known as wear involves a number of 
properties and qualities of a garment and the factors involved in the break¬ 
down and removal from service of the garment are numerous For instance, 
the majority of shirts fail m service owing to wear on the collars and cuffs, 
to splitting or tearing of the fabric, and sometimes to shnnkage, white overalls 
from a physical testmg laboratory show wear on their edges, on the elbows, 
pockets, collars and other places, whereas those from a chemical laboratory 
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Fig I Photograph of worn shirt 





- WARP 

— WEFT 


Fig I (a) 

Diagram depictmg breakdown of a pophn shirt. 



28—A Microscopical Examination of Worn Textile Articles—^legg T451 

become unwearable because of holes made by corrosive chemicals before 
there is any evidence of abrasive wear; coated raincoats fail because of 
cracking of the coatmg, umbrellas split down the creases made in foldmg, 
curtains show breakdown as a result of deterioration due to light tendering 
and velvet and corduroy garments are usually discarded for loss of pile* 
These are only a few examples of fabric breakdown, but they are sufidcient 
to illustrate the difficulty of designing a composite wear test, and the necessity 
for testing the individual factors that contnbute to the breakdown of the 
particular article under investigation 

The lack of correlation between some of the results of laboratory tests and 
wear in service is well known and for some considerable time the necessity for 
more information on the mechanism of twreakdown of the individual fibres has 
been reahsed This information is needed particularly for the design of cloth 
structures for specific purposes and for^ the design of machines to evaluate 
the suitability and serviceability of fabrics for these purposes It is essential 
to know 

(a) What happens to the fibres during wear and breakdown of the 
fabric, and 

(b) Whether a similar effect is produced on the fibres by the testing 
machmes. 

For these reasons a systematic examination has been made of fibres from 
worn textile articles and garments dunng and at the end of their useful lives. 

The cotton garments and articles examined have composed 70 shuts 
handed in as unserviceable, 95 overalls in course of wear, 50 overalls handed 
in as unserviceable, 68 white overalls and 113 khaki overalls made from 
expenmental fabncs most of them still in use and subjected to regular 
examination. In addition, pyj amas, handkerchiefs, cushion covers, umbrellas, 
cotton frocks, brassieres, sheets, pillow slips, pile fabncs used for tyre covers, 
coated leggings, shoelaces, kitchen blinds, and fire hose pipes have been 
included in the examination 

II. METHOD, OFj EXAMINATION 

Each garment was thoroughly inspected and a record was made of the 
structure of the cloth, the position and type of breakdown, and how far and 
in what manner the warp and weft respectively contnbuted to this break¬ 
down Microscopical examination was made of the fibres from the worn and 
tom portions. The fluidity^ of the material was determined from the worn 
parts of the garment and when possible from those parts of the garment which 
had suffered least wear and tear 

The Congo Red staining method^*® was used for the microscopical exami¬ 
nation of the fibres, the mounts being examined with a lox eyepiece, a 
I in objective, and daylight illummation 

Photographs were taken of the early preparations but later it was decided 
that hand-coloured drawings made directly from the preparations gave a 
more adequate picture of the treated fibres. Photographs have been included 
when considered necessary 

III. BREAKDOWNj[[OF COTTON FABRICS IN USE 

Examinations of all the garments has shown certain well-defined factors 
which contnbute to breakdown but which function in varying degrees All 
the factors are mvolved in the breakdown of a poplin shirt worn with a 
starched collar, this breakdown is descnbed in detail, and subsequently it 
will be shown to what degree each factor functions in the breakdown of the 
rest of the garments and articles. 
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(A) Examination of a Worn Shirt 

The shirt chosen (Shirt 14) as typical is made from a mercerised end and 
end poplin, brown and white with a white weft. The warp has 149 ends 
of 86 s/3 count, and the weft has 76 picks of iios/2 count. The collar is 
stiff, made from a fine fabnc, bleached and starched, with the warp of 
103 ends, 41s count, and the weft 98 ends, 45s count. The collar has a 
coarser backing cloth and an interlining. 

(i) Location of Wear and Tear 

The general breakdown of this particular shirt is depicted in Fig. i (a) 
and compnses. — 

{a) Wear on the edges of the collar and cuffs. 

(6) Splits at front A-Ai (weft damaged.) 

(c) Small holes on shoulder B, Bi, Ba and B3. 

(^^) Split at top of left sleeve, C, breakdown of warp, and at the elbow 
of the right sleeve, D, breakdown of weft. 

{e) Breaks at front and back, near saddle E and Ei, F and Fi. 

In addition to the breakdown, the fabric, particularly at the front near the 
armholes, at the back over the shoulder blades, and at the top of the sleeves 
is very weak both in waip and weft direction. 

(ii) Fluidity Determination 

The fluidity in cuprammonium^ was determined on the fabnc from the 
worn portion at the top of the sleeve and on the comparatively strong fabnc 
from the tail The figures of 14*9 and 14 7 obtained indicate that chemical 
deterioration as shown by the fluidity figures^ only accounts for a drop in 
strength of approximately 12 per cent and that the fluidity is the same 
at those parts of the garment which have suffered both the greatest and 
least loss in strength 

(iii) Mechanical Breakdown 

(«) Wear of Collar 

The collar shows wear along the folds and examination under the micro¬ 
scope reveals damage to both the warp and weft crowns, the appearance 
indicating the removal of a varying amount of the crown by abrasion The 
damaged fibres, firmly embedded in the starch, on treatment by the Congo 
Red staining method show the appearance depicted in Fig 3 . The fibre ends 
appear brush-like owing to the disappearance of the cuticle and the loosening 
and breakdown of the fibnllar structure. This is an appearance consistent 
with fibre abrasion and the conclusion is drawn that the breakdown of the 
yams in the collar fabric is due to abrasion of the individual fibres 

(b) Breakdown of the Fabric of the Shirt 

A poplin is a plain cloth woven from moderately fine two-fold yarns with 
twice as many ends as picks. The result of this stractural balance is a low 
cnmp in the weft and a high cnmp in the warp, the warp being prominent 
on the surface of the cloth, which is thus virtually warp faced Although 
a cloth of this type might be expected to show most of the wear on the warp 
only, the shirt not only shows damage to the warp crowns in several places, 
but teanng of both warp and weft, and a general fabnc weakness in both the 
warp and weft directions. 

Fluidity figures have shown that chemical deterioration is responsible for 
only a small propo:^on of this general weakness Some other evidence must 
be sought to explain why some parts of the fabric, which show no obvious 
signs of wear, are easily tom in either direction when only a very small tension 
is applied. 

Staple diagrams* of the fibres pulled down from the warp and weft yams 
have been made and provide some explanation of this weakness. The fibres 
for the diagram of the warp yarn were taken from yams at the front near 
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the shoulder, but those for the weft were taken separately from three parts 
of the shirt, 

(a) At the front near the neck opening where weakness is most marked. 

(b) From the portion of the back over the shoulder blade. 

(c) From the tail, which is comparatively strong. 

The result of these stapling tests are given m Table I together with the 
figures for the weft of an unused poplin of approximately the same structure; 
figures for the wefts of two other shirts (Shirts 29 and 16) are also included. 


Table I 



1 

Efiective % Short Mean 

1 length fibre length 

Shirt 14 (Fig 3) 

Fluidily, 14 8 

Warp (86s/2) 

Weft (UOs/2) from 
{a) Front near opening 
(&) Back near shoulder 
(c) Tail 

30/32" 69 14/32" 

19/32' 65 9/32" 

31/32" 66 17/32" 

36/32' 44 21/32" 

Unused Poplm B,0 C S 
(Fig 3) 

Fluidity 4 4 

Weft (lOOs/2 

42/32^ 39 28/32" 

Shirt 29 

Fluidity (12 5) 

Shirt 16 

Fluidity (16) 

Weft (llOs/2) Front 

Weft (60s/2) 

35/32" 30 23/32" 

32/32" 49 15/32" 


The figures show 

(1) A reduction in effective lengths ranging from 18 per cent, to 
56 per cent with a corresponding increase in the amount of short fibre. 

(2) A variation in the staple from different parts of the shirt which is 
correlated with the strength. 

Fig 3 is a reproduction of the staple diagrams of the weft of Shirt 14 
and of the unused poplin 

Examination under the microscope of the weft yarns and fibres The weft 
yams under the microscope give no evidence of abrasion but the number of 
protruding fibre ends is abnormal for a nos/2 yam. On examining the fibres 
after treatment by the Congo Red method a fair proportion have the appear¬ 
ance seen in Fig. 4. They display bnght red transverse markihgs, cracks, 
and an obvious tendency to segment and break across these cracks. These 
markmgs range from faint red lines across the fibres to very obvious cracks. 
They are randomly distributed both along the fibres and from fibre to fibre 
and appear more numerous in the thick-walled ngid fibres. The markings 
occur along the whole length of some of the fibres at mtervals of about 20/4; 
fibres in the same vicimty may be entirely devoid of markmgs. 

In addition to the reduction in staple length there is a very definite 
weakening of the single fibres. The breaking loads, in grams, of centimetre- 
and of millimetre-lengths of the fibres from the weft yams were determined 
With the results shown in Table II. 


Table II 



Length 

Breaking load in grag, 

____—j_ 

Shirt 26, Fluidity 12*5 

1 

. 1 

f 1 cm 
i 1 mm 

28 

38 

Unused poplm. Fluidity 4 4 . 

... 

f 1 cm. 

\ 1 mm 

6*3 

84 
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These figures show a reduction m strength of more than half that of the 
fibres from the unused poplin The fact that the strength of millimetre lengths 
show proportionately the same reduction as the centimetre lengths indicates 
that the weakening occurs along the whole length of the fibre, which is con¬ 
sistent with the presence of the transverse markings and cracks. 

Examination under the microscope of the warp yarns and fibres. 
Examination of the warp yarns from the cuffs and all portions of the shirt 
where the warp yams are weak and in many places obviously worn shows 
the expected disappearance of the crowns. On treatment by the Congo Red 
method the appearance is very charactenstic (Fig. 5). Numerous fibres pro¬ 
trude from the yam, each showing similar cross markings to those seen in 
the weft fibres, and one fibre at the top of the crown gives evidence of damage, 
usually bmismg, or gentle abrasion, occasionally accompanied by cross 
markmgs. Examination of the warp yams from all parts of the garment 
shows the process of breakdown as depicted in Fig. 6. The top fibre in the 
crown IS damaged and breaks, leaving two fibre ends standing. The process 
is repeated, the top fibres breakmg down in succession until the yarn is finally 
severed. The broken fibre ends show an increasing number of cross mark¬ 
ings and cracks, and pieces of the fibres break off. 

This is the typical breakdown of the warp and occurs in all parts of the 
garment in varying degrees The damage to the fibre at the top of the crown 
varies in t37pe and may show abrasion with fibnllation (Fig ya), bmismg, 
very gentle abrasion affecting the cuticle only (Fig. 76), cross markings and 
transverse cracking (Fig yc) 

In concluding this description of the breakdown of a shirt it is perhaps 
useful to summanse the effects on the fibres and their significance m the 
general breakdown. 

(1) The yams and fibres in the collar held firmly in the starch are abraded 
and fibnUated (Fig 2). 

(2) The weft protected by the warp cannot suffer abrasion but the fibres 
are bent, flexed, and subjected to extension and compression so that 
they crack transversely and break up along these cracks. This 
accounts for the weft-way weakness of the fabric and the tear at D 
(Fig. ja) The splits at A and Ai are due to cracking of the weft along 
a crease which persistently forms m this position. 

(3) The warp is vulnerable to abrasion but the fibres are on the whole 
free to move although single fibres may be held. The fibres in the 
crowns break down in succession but because these fibres are mobile 
they evade an intense abrasive action although they may be brmsed, 
gently abraded or cracked transversely. 

This type of breakdown in its early stages accounts for the general weak¬ 
ness of the fabnc in the warp direction, and is responsible for the breakdown 
at C. More intense damage of this type is present at E, Ei, F and Fi where 
the warp is damaged and disappears owing to rubbing by the braces, similar 
damage is present at B and Bi, B2 and B3 caused by pressure and mbbmg 
by the edge of the waistcoat The wear of the waip at these places is in 
accordance with the breakdown depicted in Figs. 5 and 6. 

The factors, therefore, which have contributed to the breakdown of the 
shirt are 

(1) Chemical deterioration 

(2) Mechanical breakdown consisting of 

(a) Fibre abrasion of varying intensity. 

(&) Transverse cracking of the fibres. 
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(B) Examination of Garments and Other Articles 

The examination of the rest of the garments and articles was earned out 
in a manner similar to that employed for the shirt The location of wear in 
garments and articles will be dealt with in a further Memoir In the present 
Memoir the results of the examination of the vanous garments are used solely 
to present the type of fibre breakdown which occurs. 

With the exception of occasional biological attack (mildew, bactena) 
the breakdown is found to be due to the three factors responsible for the 
breakdown of the shirt, namely, chemical detenoration, fibre abrasion, and 
transverse cracking of the fibres in varying proportion The results of the 
examination are dealt with under these headings. 

(1) Chemical Deterioration 

The fluidity figures for all the cotton garments and articles examined are 
given in Table III The trouser pocketings had been cleaned but not laun¬ 
dered, about one-third of the shirts and brassieres, corsets, and cushion 
covers had been home laundered, the rest of the shirts and all the overalls 
had been washed regularly at a commercial laundry. 

Table III 

Fluidity Figures for Cotton Garments at End of Useful Life 


Trouser pocketing 


6-7 

Shirts (70) . 


10-20 

Umbrella (sulphur blue) 


13 

Sheet (raised weft) 


14 

Wool-cotton mixture pyjamas (cotton) 


14 

Skung gloves 

. 

14 

Brassieres, corsets . . . . 

, 

. 15-19 

Handkerchiefs .. . 


. 17-37 

Sheets and piUow-slips 


17-22 

Shirley Institute experimental overalls after 4 yeais* wear 


11-20 

White overalls 

, 

24 r -34 

Cushion covers 


28 

Pyjamas—satin striped poplin 

. 

30 

Umbrella (aniline black) ... . . 

. 

36-36 

Cotton canopy .... 

, 

40 

Kitchen blind 

. 

41 


These figures are remarkable in that they show how small a proportion 
of the weakness of shirts, sheets, pillow slips and overalls which have been 
laundered regularly, is due to chemical detenoration.^ The fluidity figures for 
the shirts account for losses in strength of approximately 10-25 cent., for 
the sheets and pillow slips 20-25 per cent The first set of white overalls 
exammed, most of them of very poor quality and in a very worn and tom 
state when handed in, give chemical detenoration of 30-40 per cent., but 
the overalls made from expenmental fabnes designed at the Shirley Insti¬ 
tute and which have been m use for four years, with laundenng on alternate 
weeks, show lower fluidity corresponding to strength losses of only 8-25 per 
cent. 

The high fluidity figures for the aniline black umbrellas, cotton canopy 
(tendered by light and atmosphere), kitchen blind (tendered by gas fumes 
and light) are not unexpected and their retention in service in such a con¬ 
dition of chemical deterioration is explained by the absence of mechanical 
wear and tear suffered in use 

(ii) Mechanical Breakdown 
{a) Fibre Abrasion, 

Breakdown due only to abrasion of the mdmdual fibres has been found 
in a variety of articles, a list of which is given in Table IV, Col. A. 
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Table IV 

Mechanical Breakdovm of Cotton Garments and Articles 


A 

Abrasion 

B 

Transverse cracking 

C 

Gentle abrasion and 
transverse cracking 

Khaki dyed overalls and boiler 

Handkerchiefs 

Shirts 

suits (heavy work) 

Starched cuffs and collars 

Umbrellas 

Pyjamas 

Weft of poplin shirts and 

Overalls 

Shoe laces 

pyjamas 

Cotton frocks 

Pile tyre fabrics 

Acetylated stripes 

Trouser pockets 

Coated leggings 

Some pillow cases and cushion 

Cotton linings 

Cychng and skiing gloves 

covers 

Jacquard harness 
Sheets 

Pillow-slips 


All these articles m Col A have one condition m common, the fibres are 
firmly held and therefore m a condition to be subjected to abrasive action 

The khaki-dyed overalls and boiler suits have been used on heavy work 
in the Institute's engineering shops The abrasion occurs chiefly at the front 
where the fibres are held by tension or pressure as the fabnc is pressed against 
the bench or some other hard surface. 

Fibre abrasion occurs in coated leggings after the coating has cracked or 
peeled off and the fibres are exposed. These fibres are held by the coatng 
just as the fibres in the starched collars and cufls are held by the starch 

The abrasion of the shoe laces which are used under tension occurs at the 

metal eyelet and is probably increased by the pressure of some road dust. 

« 

The palms of cycling and skiing gloves in Col A are held taut and the 
fibres in the pile tyre fabric are subjected to pressure and abraded by the 
rough surface of the road. 

(6) Transverse Cracking of the Fibres, 

In none of the articles in Table IV, Col. B, are the fibres held by tension, 
pressure, or filling and all are free to move. They are not vulnerable to 
abrasion but are subjected to bending, flexing, or compression and break up 
IS due to transverse cracking. 

The acetylated cotton fibres are sometimes more brittle than ordinary 
cotton fibres. Although the acetylated yarns are introduced as warp stnpes 
m a poplin weave the usual breakdown of a poplin warp is not shown but the 
fibres break up like those of the poplin weft (Fig. 8). 

(c) Gentle Abrasion and Transverse Cracking 

The mechamcal failure of the majonty of textile articles (Table IV, 
Col. C) IS similar to the breakdown of a poplin warp, and is caused by both 
abrasion and transverse cracking. Fibres held fairly firmly by the struc¬ 
ture (fine sheets, pillow shps containing a hard filling such as flock)> or by a 
light starching (white overalls, cotton frocks) will receive a fairly intense 
abrasion (Fig. 9), Fibres which are loose in the structure show abrasion of 
a gentler tjTpe which affects the cuticle only and may show when stained 
as a fnnged red edge instead of a clean break along the cuticle spiral 
(Fig loa and h), or the cuticle may be loosened, tom and partly or com¬ 
pletely removed, giving the fibre a bruised appearance (Fig loc) Bending 
and flexing of these fibres in addition to the abrasion, results in their break¬ 
down (Figs. 10 and ii). 





Staple diagram of libies from weft of shirt, 14-111 front, near neck 



Staple diaojiam of fibres from weft of unused poplin 
Fig 3 
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Fig 5 

Damaged poplin 'v\arp crown showing bruised top fibre, and protruding 
fibres showing transverse markings and cracks 



28 —A Microscopical Examination of Worn Textile Articles—Clegg T45g 


I 



Fig 6 

Diagram showing stages in the breakdown of a poplin warp 
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Fig 7 

Types of damage seen in the topmost fibre in a damaged poplin crown, 
(a) Abrasion, (b) Cuticle abrasion and (c) Transverse cracking 





T462 28 —A Microscopical Exantmahon of Worn Textile Articles—Clegg 



Fibres from weft 


Fig II 

of trouser pocketing showing gentle abrasion and 
transverse cracking. 
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Fig 13 

Fibres from linen damask table cloth showing abrasion 
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Fig 15 

Hole from under-arm of linen frock and fibres from broken yarn ends 
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Fig 16 

Wool fibres from wool/cotton mixture nightgown , a and b show l-3ruising of fibre 
c, i, e Transverse cracking of fibres 



Fig 17 

Wool fibre from wool/cotton mixture nightgown showing abrasion The scales have 
disappeared and the fusiform cells are loosened and protruding 
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Fibres from spun silk warp of nightdress , a Gentle abrasion, 
h Gentle abrasion with tendency to transverse cracking 
c Transverse cracking 




Fig 19 

Fibres from net silk weft of nightdress showing transverse cracking. 
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Fig 20 

Fibres from tussah silk blouse showing, (a) Abrasion, (6) Abrasion with tenclencj 
to trans\erse cracking, (c) Separation of hbnllac and beginning 
of transverse cracking 
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Kir 21 

Broken iibic ends from worn cuff of viscose/acelate staple fibic blouse, 
[a) Acetate, (v) Viscose 

Also hbie liom viscose staple fibre shirt showing slight abiasion ) 



cellulose 



Cuticle spiral 


Fig 22 

Cotton fibre stained to show cuticle spiral, and transverse cracks 
The spiral in the secondary cellulose is also visible 
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IV, COMPARISON OF COTTON FIBRES FROM WORN GARMENTS AND 
FROM YARNS AND CLOTHS SUBJECTED TO LABORATORY TESTS 

The appearance under the microscope of fibres from cotton cloths which 
have been tested m a laboratory abrasion testing machine is identical with 
that of fibres which have suffered abrasion in wear. The conditions of testing 
on the cloth abrasion test are simolar to those suffered by these particular 
fibres in use, namely abrasion under tension and pressure. 

The very gentle abrasion seen in the majority of garments is reproduced 
by the same machine under conditions modified so that the fabric tested is 
not held under tension and the fibres are to some extent free to move. 

Testing of yams and fabrics on a machine designed to give repeated sharp 
flexions of a yam at one pomt result in a cracking across the fibres but so 
far it has failed to produce the preliminary transverse markings and cracks 
found in the worn garments and articles. 

A peculiar appearance is observed in fibres from the bmding threads of a 
camel hair belting. A similar appearance is produced in fibres from heavy 
canvases tested on the flexing machine The camel hair beltings in question 
have four phes, each having a camel hair warp and a cotton weft, these phes 
being united by cotton warp binders. For some years beltings which have 
failed m use because of the breakdown of the binders have been submitted 
for exaimnation and have proved a somewhat dif&cult problem to solve. 
The position of the breakdown of these binders is localised at the crossing 
points between the phes and the appearance under the microscope of the 
damaged and broken fibres after Congo Red staining is depicted in Fig. la. 
The explanation of the breakdown was provided when a similar effect was 
observed in heavy canvases subjected to the Repeated Sharp Flexing Tester. 
The breakdown can, therefore, be attnbuted to repeated flexing of the yams 
accompanied by some bmismg caused probably by a shght play between the 
plies. 

Cross markings and cracks m the fibres have been reproduced, however, 
in the following manner. Single fibres coated with shellac from alcoholic solu¬ 
tion were mounted with wax on an electncally mamtained vibrator, such that 
the fibre moves from an imtially straight position to a sharply bent position 
and back again about 50 times per second. Thus the fibre is bent sharply 
without direct tension being apphed. Sakel cotton fibres (taken from the 
bale), after several million cycles, showed transverse markings similar to 
those observed in the fibres from worn fabrics. Mercerised and bleached 
fibres (fluidity 6 and 21) showed transverse markings after less than one 
million cycles 

V. BREAKDOWN OF LINEN, WOOL, SILK AND RAYON FABRICS 

IN USE 

Franz and Henning® state that in addition to abrasion, wool fibres in a 
cloth are subjected to “ever recumng bending stresses** which cause the 
fibres to break up. This is m complete accord with the results of the investi¬ 
gation on cotton fibres and in order to discover whether the mechamsm or 
breakdown of all fibres is substantially the same, worn linen, woollen, silk 
and rayon fabrics have been examined. 

A fairly systematic exaimnation has been made of the breakdown of 
linen fabncs but only a cursory examination has been made of silk, wool 
and rayon. 

Linen Fabrics 

Linen garments and articles which had passed out of service, and worn 
parts of articles still in use were collected and examined. Included in the 
examination were sheets, pillow shps, cushion covers, loose cover for a settee, 
■damask table cloths, table napkin and holder, linen dress and blouse. Dodger 
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from the bridge of a ship, hose-pipes, fishing nets, Indian chagui " (water- 
holder) and a shirt with a cotton warp and linen weft. 

The examination was similar to that for cotton, the mode of breakdown 
was recorded, the fluidity was determined and the fibres from the damaged 
and worn portion were examined by the modified Congo Red test, descnbed 
m the Appendix 

Chemical Tendering 

The results of the fluidity determinations are given in Table V. No deter¬ 
minations were made on the linen garments with a urea formaldehyde crease 
resistant finish nor on those articles which gave evidence of intense biological 
tendering. 

With the exception of those articles which have suffered definite chemical 
tendering in use, i.e. sun-blinds and Dodger, the rise in fluidity does not 
account for the weakness of the fabric. 


Table V 

Fluidity of Worn Linen Articles 



Fluidity 


Fluidity 

Settee cover. 

8 

Sunblixxds 

20-37 

Codijon. covers 

14 

Dodger from a ship 

25 

Handkerchiefs... 

18 

Table napkins 

21-2a 

Sheet 

27 

Napkm holder 

26 

Table cloth 

28 



Mechanical Breakdown 

(1) Fibre Abrasion, 

Fibre abrasion to any appreciable degree is found only in the fibres from 
the damask table cloth (Fig. 13). Like the cotton articles in which intense 
fibre abrasion is found, the cloth had been heavily starched and the fibres 
were firmly held by the starch. Much of the abrasion is probably due not to 
wear in use, but to the calendering necessary to produce the lughly glazed 
finish. 

(2) Transverse Cracking of the Fibres 

With the exception of the table cloth, the mechanical breakdown of the 
linen fabncs and articles is due entirely to transverse cracking of the fibres. 
Worn portions of settee covers, cushion covers, handkerchiefs, sheets, linen 
frock and blouse (under-arm wear) all show segmentation and breakdown of 
fibres due to transverse cracking and an almost entire absence of fibre 
abrasion (Fig. 14). 

This is shown in a stnking manner in the fibres from the holes in the 
under-arm of an anti-crease linen frock Although the appearance of the 
hole is suggestive of fibre abrasion, the fibre ends show only a break up due 
to transverse cracking, and evidence of fibre abrasion is entirely absent 
(Fig. is) The fibres from a settee cover (fluidity 8) which had broken into 
holes along the front of the seat, the appearance of which agam is indicatve 
of abrasion, show only transverse markings and break up, no evidence of 
fibre abrasion is found. 

Wool Garments 

A few worn wool garments have been examined (cotton/wool mixture 
shirts and p5^amas, wool vests, children's frocks, nightdresses) all of which 
had been carefully washed and had passed out of service owing to breakdown. 

Microscopical examination of the fibres was earned out after treatment 
with Shirlastain A for five mmutes. 

Examination of a Worn Cotton/Wool Mixture Shirt 

A shirt, 2x2 twill, woven from yams spun from a mixture of approxi¬ 
mately 50 per cent, wool and 50 per cent, cotton, handed in as unserviceable. 



aS —A Microscopical Examination of Worn Textile Articles—Clegg T475 

shows similar featuies to the worn cotton shirts, i,e. wear at the cuffs and 
collars, and extreme weakness in both the warp and weft directions and with 
a long sht at the back caused by breakdown of the weft. Staple diagrams 
of the fibres pulled down from the warp and weft yams show breakdown in 
staple similar to that obtained for the worn cotton shirts. The results are 
given m Table VI together with the results of staphng tests on the onginal 
yam. 


Table VI 



Worn shirt 



Warp Weft 

Original yarn 

Efiective length 

32 

18 

44 

% Short fibre 

61 

63 

36 


The fabnc before staplmg had been dyed with an acid dye to make a 
colour differentiation between the wool and cotton. A fairly even distribu¬ 
tion of the two fibres in the staple diagram is found. It would appear from 
this that this break up of the fibres obtains for wool to the same degree as 
for cotton. 

Chemical Deterioration, 

The fluidity of the cotton in the wool/cotton mixture was determined,* 
and the figure of 12*7 obtained shows only shght chemical deterioration, 
Stainmg tests on the wool provide evidence of only slight chemical 
degradation. 

Mechanical Breakdown, 

Although in chemical nature and physical structure the wool fibre differs 
considerably from the cotton fibre, it has certain features m common— 
protective scales which correspond to some extent with the cuticle of the 
fibres, the fibrous cortex consisting of spindle-shaped cells, corresponding 
to the secondary cellulose with its fibnllae. Shirlastam reacts with wool in 
a similar manner to Congo Red with cotton, stainmg the cortex, if the 
scales are loosened or damaged, but no pre-treatment is required The 
majority of the wool fibres from the cotton/wool shirt show mechanical 
damage at a number of places along their length This ranges from bruising 
of the fibre, shown as a staining of the cortex with only shght, or in some 
cases, no obvious damage to the scales (Fig. i6« and 6), to intense abrasion 
revealed by absent and damaged scales with the loosened and protruding 
spindle-shaped cells of the cortex stained a deep brown (Fig 17) 

Transverse cracks and fissures are found, accompanied by very locahsed 
staming (Fig i6c, d, e), and the majority of the broken fibre ends give very 
little evidence of abrasion No prelimmary cross markings are found. 
Woollen vests, umon pyjamas, and children's frocks examined show^ the same 
features of mechamcal breakdown. 

(C) Silk Garments 

Two worn silk nightdresses made from cr^pe silk havmg a fwo-fold spun 
silk warp, and a net silk crfepe weft were examined. 

The garments had been worn by a bed-ridden owner and had passed out 
of service chiefly because of large splits warp-way and weft-way m the 
fabnc at the back below the waist, and extreme weakness of the fabnc in 
the neighbourhood of the splits 


* The wool was dissolved by treating o 4 g of the finely cut up material with 20 c c. 
of 5 per cent sodium hydroxide solution at room temperature for one hour The un- 
dissolved cotton was filtered on a sintered glass filter and washed successively with a 
further quantity of solvent, dilute acetic acid, ammoma, and water, and dried The 
fluidity was then determined in the usual way 
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Chemical Deterioration 

The fluidity of the silk m cujjri-ethylenediainine was determined and 
figures of 21*4 and 23*6 were obtained for the warp and weft, respectively 
These account for a drop in strength of approximately 25 per cent 
Mechanical Breckdown 

The silk fibre, after removal of the sencin or silk gum, shll retains a 
protective layer covenng the fibroin. Mechanical damage to a silk fibre 
may be shown by staining with Congo Red after immersion for about one 
mmute in 18 per cent, caustic soda solution. The surface layer stains only 
a faint pink but where the surface layer is damaged or ruptured the fibroin 
stains a deep pink or red 

The yams from the nightdresses were pulled down and show consider¬ 
able break up of the fibres The warp has a high crimp and a much softer 
twist than the weft which it tends to cover. The waip crowns break down 
and are removed in a similar manner to the crowns in the cotton poplm 
warp. The fibres from these crowns give evidence of abrasion of a fairly 
gentle type (Fig. Transverse cracks may be seen m the weft fibres 

and are obviously responsible for their break up (Fig 19). They occur to 
a much less degree in the warp (Fig. i8c). In neither the warp nor the weft 
is there any evidence of preliminary transverse markings 

The worn portion under one sleeve removed from a tussah silk blouse, 
which showed considerable evidence of wear but had not passed out of 
service, was examined, Tussah silk fibres fibrillate easily and the damage 
in most of the fibres is shown as a rubbing up of the fibnllae (Fig. j3o). 
There is, however, some evidence of a separation, and cracking across the 
fibrillae, probably due to bendmg stresses (Fig, 20c). 

(D) Viscose Rayon 

Garments and articles woven from spun mixtures, a spun viscose rayon 
shirt, shirts made from mixture yarns of viscose rayon and wool, worn 
cuffs from a spun viscose and acetate rayon mixture blouse, all of which 
had passed out of service have been examined and have shown very httle 
evidence of fibre abrasion The continuous filament yams show a definite 
tendency for the filaments to be rubbed or pulled out of the cloth and 
broken. 

The staple fibre m the warp and weft of the shirts shows a fibre break¬ 
down very similar to that obtained for the cotton pophn shirts. The warp 
crowns show successive break up of the fibres and there is evidence of some 
slight abrasion. The general tendency, however, is for the fibres to break 
transversely and this is often accompanied by some fibre distortion. The 
worn cuffs of the spim mixture blouse show similar features (Fig. 21). 

VI. NATURE OF GROSS MARKINGS AND CRACKS 

This examination of worn fabrics has shown that all the fibres exammed 
—cotton, Imen, wool, silk, viscose rayon—^break at nght angles to the long 
axis of the fibre, as a result of wear, and that the cotton and flax show 
some prehmmary cross markings. 

In none of the fibres does Siere appear to be any relation between the 
mchnation of the fibnllae and the lines of segmentation. Fig. 22 depicts a 
cotton fibre stained to show the slow spiral of the cuticle and the quick 
spiral of the secondary cellulose is also seen. The stained fissure cuts 
across both spirals, obviously beanng no structural relation to either. 

The cross markings m the flax fibres are undoubtedly a further stage in 
the dislocation marks which are characteristic of bast fibres in general 
These agam are at right angles to the long axis of the fibre whereas there 
are two sets of fibnllae in the bast fibre, an outer flat right-handed spiral 
inclined at am angle of about 70°, and an inner left-handed spiral mclined 
at an angle of 5®. 
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The fibnllae of wool and silk are dispersed sbghtly, but tend to lie along 
the main axis of the fibre. The limited examination of these fibres has 
shown that they break transversely in use, but the breaks are neither as 
sharp as, nor as definitely at right angles to, the axis of the fibre as those 
m cotton and flax. 

The break up of both the continuous rayon fibres and the viscose staple 
fibre resemble the ends of broken glass rods, ranging from a clean break 
across to irregular breaks with jagged edges (Fig. 21). 

CONCLUSION 

The mvestigation has shown that although textiles in service undergo a 
varying amount of chemical deterioration through laimdermg, exposure to 
hght, and atmosphenc conditions, failure is mainly due to a weakening of 
the structure caused by mechanical breakdown of the individual fibres and 
that the mechanism of breakdown is substantially the same for all fibres, 
cotton, wool, hnen, silk, and rayon. Only those fibres held firmly by 
tension, pressure or filling suffer intense abrasive action The breakdown 
of a large proportion of Sie fibres is caused by transverse cracking, which 
judging by the location of the position of maximum weakness in ihe tex¬ 
tiles examined, is the direct result of flexmg and bending stresses suffered 
during wear. Fibres on the surface which are only lightly held suffer a 
gentle abrasive action. 

The general weakening of the fabric structure and the majority of the 
tears and splits which occur m many worn garments are a direct consequence 
of this fibre breakdown. 


APPENDIX 

Microscopical Examination of Tendered Linen 

During an investigation on the substitution of cotton for flax in the 
manufacture of canvases, the question arose of the comparative suscepti- 
bihty to biological attack of the two fibres, cotton and flax. The mforma- 
tion obtained from the literature on the microscopical tests available for the 
detection of biological attack on flax was so scanty that a thorough 
investigation on the tendering of flax was foimd necessaiy Chemical and 
mechanical tendermg m addition to biological tendering were investigated, 
smce knowledge of all types was found necessary to form a reliable diagnosis, 

A microscopical method for distinguishing between the main t3q>es of 
tendering has been worked out, which is simple and may be used by anyone 
who has a working knowledge of the microscope. The enquiry set out to 
distinguish biological from chemical or mechanical tendering, and although 
some difficulty may be experienced m deciding by microscopical means 
alone whether wealmess is due to chemical tendering or mechanical flexing, 
no difficulty should be expenenced in recognising biological tendenng. The 
information may or may not be known to microscopists who have had to 
work with flax, but so far as is known it has not been published 

Method 

The fibres are successively immersed m an 18 per cent, solution of 
caustic soda for about 3 minutes, washed, stained in a saturated solution of 
2 per cent. Congo Red for i minute, washed and mounted in 18 per cent, 
solution of caustic soda 

Appearance of Fibres after this Treatment 
I. Normal Untendered Fibres 

A normal imtendered fibre treated m this way is stained a faint pink, 
the cross markings show faintly and there is no transverse cracking or seg¬ 
mentation (Fig. 23). 
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II Chemical Tendering. 

{a) Strong acid tendering. Flax fibres which have been tendered 
chemically to the point of being very obviously weak, break sharply into 
transverse segments when treated with i8 per cent caustic soda solubon 
'and there is a tendency to break up longitudinally, thus producing a num¬ 
ber of small rod-like structures This is shown in Fig 246 which depicts 
fibres taken from a table cloth, tendered by treatment with 5 per cent, 
sulphuric acid followed by dr5nng in a warm atmosphere. 

(b) Effect of bleaching A set of samples bleached to different fluidifies 
were treated and examined The samples were not sufficiently large to 
determme their strengths. 

Table VII 



Fluidity 

Onginal yam 25, line D W D R 

_ 

cr 39 

1 1’5 

40 

67 

41 

90 

43 

16 0 

46 

25 0 

Original yarn 26, Tow BX 

— 

CT 16 

26 

38 

20 0 


The fibres in all the samples stain a faint pink only and the cross mark¬ 
ings are scarcely visible. The samples CT 38 and 45, which give fluidity 
figures of 20 and 25, respectively, show some transverse splitting m a small 
proportion of the fibres (Fig. 24a). 

III. Heat Tendering 

A set of samples of yam, grey scoured, and grey extracted, were heated 
at a temperature of 150® C. for penods varying from 16-112 hours Flmdity 
measurements and yam strengths were determined and are shown in 
Table VIII. It will be seen that heating the fibres for 112 hours reduces 
the strength to about 25 per cent, of the original. 

Table VIII 


Material 

Sample No 

Time of heating 
at ISO^C 

Breaking load, 
grams 

Fluidity 

Grey linen 

F. 1 e 

Nil 

977 

25 


J 

16 

731 



g 

31 

627 

18 1 


h 

65 

463 



1 

112 

255 

1 31 5 

Scoured Imen 

F 3 e 

Nil 

775 

54 


P i 

7 

619 



^ 1 

16 

670 

12 4 


h ' 

31 

488 



1 

65 

355 

20 0 

Extracted grey linen 

F 4 a 

Nil 

910 

29 


b 

31 

601 



c 

112 

288 

30 9 


Exainmation of the fibres under the microscope after swelhng and 
staining shows that the reactions are similar to those of the bleached fibres 
and transverse splitting is shown only in Fi. h, Fi 1, F3. i, F4 c, which give 
fluidity figures ranging from 21-31. 
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This transverse splitting in both the bleached and heat tendered samples 
IS very sharp and the slight markings visible are only faintly stained by the 
Congo Red 

IV Mechanical Damage. 

Examination was made of several linen pillow slips and cushion covers 
which had been tendered in use to such a degree that cracks and holes had 
appeared. Flmdities were determined and these ranged from 13 9 to 
19*1 On examining the fibres under the microscope after swelling and 
stainmg bright red cross markings are visible and crackmg occurs along 
many of the markings (Fig 14^), These crackings are not so clean cut as 
those seen in the chemically-tendered fibres, and under high magnification 
are seen to have a saw toothed edge (Fig. 14c). 

V Biological Tendering 

The samples examined were as follows_- 

{a) Unbleached hnen fibres from canvas tendered by placing m soil 
in a humidified cubicle 

(6) Hose-pipe tendered by micro-organisms. 

(c) Indian ''chagul” (water container, made of linen) 

{d) Fishing net 

The fibres from all these samples show a faint pink staining only and 
irregular transverse cracking. This is shown in Fig. 2 $a, b and c, and 
although there is some vanation in the appearance of these biologically 
tendered fibres the appearance is very characteristic and cannot be confused 
with either chemical or mechanical damage. 

The procedure for determining the cause of tendering is as follows * — 
General Tendering 

First determine the fluidity,^ the figures given m Tables VII and VIII 
for fluidity and strength should provide a sufficient guide as to whether the 
tendering is chemical in nature If the fluidity figure gives no indication of 
chemical tendering, examine under the microscope after swellmg in caustic 
soda solution, 18 per cent , followed by Congo Red 

(a) Bright red transverse markings with a tendency to break up 

along them indicate weakness due to mechanical flexing. 

(b) Irregular transverse segmentation indicates biological tendering 

and this shoffid be confirmed by staining for the presence of bactena or 

fungi 

The fluidity figure may indicate tendenng, but may not be high enough 
to account for the weakness of the fibre, in which case a microscopical 
examination is necessary since the tendenng may be localised on the surface, 
or mechanical flexing damage may be present in addition to chemical 
tendenng 

Local Tendering 

It may be possible to determme the flmdity of the tendered portion if 
It is not too small, if there is a hole, the flmdity of the material adjacent to 
the hole may be found 

In addition, the tendered portion or the broken yam ends from the hole 
should be exanuned microscopically and the reactions obtained for the 
different types will be similar to those for general tendering 

The reactions are summarised m Table IX. 
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Table IX 


1 Raw fibre . - 

la. Raw fibre, heat treated 

2 Bleached fibres 


2 a. Bleached fibres, heat treated 


Faint cross markings (Fig. 23 ) 

Dittch—‘fissures begin to appear at fluidity of 20 
approximately (Fig. 24 ). 

Cross markings not obvious 

Fissures began to appear at fluidity of 20 , approxi¬ 
mately 

Ditto 


3 Fibres tendered by 

(а) Mechanical flexing, use, or Cross markings bright red and cracking seen along 

processing these Under high magnification markings have 

toothed appearance (Fig 14 a, b, c) 

(б) Fibre abrasion ... Abrasion obvious Cross markings only faint 

(Fig 13 ) 

4 . Biologically tendered fibres . . Fibres show irregular transverse cracking 

(Fig 25 a, 5 , c) 
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29 -LAMINATED textiles AND SIMILAR MATERIALS : 

A BALLISTIC METHOD FOR THE DETERMINATION 
OF INTER-PLY ADHESION 

By F. Miixasd 

(Copyright by the Textile Institute ) 

SUMMARY 

For use on laminated textiles, a ballistic method for the determination of 
inter-ply adhesion has been evolved. It consists of the measurement of the 
work eiqiended in separatmg the plies and makes use of a ballistic testing 
machine to this end. 

Tests on several plied fabrics have shown that the work done m peeling 
bears a linear relation to the area peeled and that the curve passes through 
the ongin. A unit measure is proposed. This is a ballistic peel factor which 
is numerically equal to the work necessary to separate the phes in one square 
inch of compound fabric 

Exploratory tests on several adhesive/adherend systems indicate that the 
method is capable of extension to the larger and more varied field of general 
adhesives. Results on adhesive tape/sheet metal, fabric/adhesive/sheet 
metal and metal foil/adhesive/metal foil systems are quoted, 

INTRODUCTION 

Laminated textiles have recently become more widely used, sometimes 
instead of the multi-ply woven article. A t5q)ical example is the replace¬ 
ment of the compound woven collar doth^ by the Trubemsed-type of collar. 
Other examples of laminated textiles in everyday use are rubber belting 
(from 2- to 8-ply), motor-car hood fabncs (coarse robust outer-ply with fine 
decorative inner-ply) and golf and similar bags (duplex wigan or duck) 
Haven® gives two lists of textiles which include many laminated fabncs 

Whether the laminated textile is a new product or is intended to replace 
a compound-woven fabnc is immaterial in so far as some measure of the 
mter-ply adhesion is usually required. It is seldom possible so to arrange 
the manufacture of a composite article that the adhesive will never be sub¬ 
jected to any load other than one of shear. Even if such were possible, 
casual circumstances might arise where resistance to peeling, or separation of 
the phes, would be a desirable property of the laminated fabnc. Apart from 
these considerations, some form of peeling test is often necessary to enable 
distinctions to be made between several adhesives which, when tested in 
shear, are stronger than the fabnc 

Peehng tests to assess the inter-ply adhesion appear so far to have taken 
one of two forms They have been either (i) an estimate of the speed with 
which the plies may be separated when an end of one ply has been lifted, 
sharply doubled back upon itself and then weighted, or (li) where the 
ma^um or average load necessary to separate the plies m a given area of 
laminate has been measured. 

The rate of separation test has been fully described in a number of ofl&cial 
British specifications Vanous arbitrary umts are employed therein as shown 
below. 

Width of test piece—2 inch, 50 mm , 60 mm 
Applied load—I to 7 lb. and i 5 to 3 5 kg 
Maximum distance separated—J inch and 5 mm. 

Time of load application—5 minutes 
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In the peeling test a piece of fabnc of known width has its constituent 
plies partly separated. A definite length of the cloth is left in the normal 
state, t e with the plies not separated. Using an orthodox tensile test method 
the load necessary to effect complete separation of the plies in the known 
area of cloth is measured So far as is known, this method is not specified 
in any British specification However, one American specification® describes 
such a method and calls for the testing machine to be autographic with the 
maximum load indicating device out of action. Thus a fluctuating trace is 
produced and the specification states that this chart constitutes the report, 
but the value of the adhesion shall be determined by drawing the best average* 
line between the maximum and minimum load values. 

In testing adhesives generally, methods of measunng resistance to peeling 
appear to have received little attention, apart from the glass plate/varmsh 
and lacquer/silk cloth technique described by Ellis^ and the glass plate/ 
adhesive/paper system.® The method now proposed to measure the resistance 
to peeling at high speeds may therefore be useful to those engaged in the 
testing of adhesives generally. It should be particularly applicable in certain 
circumstances ® 

' EXPERIMENTAL 
Proposed New Method of Assessment 

A two-ply fabnc, composed of two dyed 8 02 / sq yd cotton fabncs with 
an inter-ply layer of a cellulose ester, was tested by methods of (1) and (li) 
above By the rate of separation method, peeling occurred in the warp 
direction at average rates varjnng from i 35 to 2 *55 in /mm. and in the weft 
direction at 0 45 to i 50 in /mm Peeling load tests as measured by the 
maximum load indicating pointer produced results which were less vanable, 
but it was appreciated that these were chiefly a measure of the peak resistance 
to peeling The American fluctuating trace method would appear to over¬ 
come this difficulty since it registers depressions as well as peaks. Measure¬ 
ment with a plammeter of the area between the trace and the elongation 
axis might be used to obtam a '' best average line between the maximum and 
nunimum load values"’ or might even permit the assessment of the work 
done This caused consideration to be given to a test method which would 
automatically measure the work done and thus give a rapid over-all measure 
of the resistance to.peehng 

Instead of using an ordinary tensile testing machine for the maximum 
peeling load determination, use was made of the ballistic testing machine 
marketed by Messrs Goodbrand & Co Lengths of plied fabnc were cut 
I, and 2 inches wide The test specimen length was so chosen that when 
the plies were separated and gnpped m the jaws of the testing machine, a 
known length remained to be peeled, and the peeling began as the pendulum 
bob passed through its lowest position. All the test specimens were con¬ 
ditioned for at least 48 hours in an atmosphere controlled at 65 per cent 
relative humidity and 70® F , the actual tests being made under these 
conditions. The amount of energy spent m completely separating the plies 
was noted by reading the calibrated scale of the testing machine 

This figure represents the work done on the whole length of the test 
specimen between the machine grips It may be considered to have three 
components— (a) the work necessary to overcome the adhesion between the 
two plies, (6) the work spent in stretching the tails of the test piece, and 
(c) the work expended in flexing the fabric during the peeling operation 
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The majonty of fabncs may be considered as infinitely flexible so that item 
[c) could be neglected. Item (6) can be eliminated by considering the work 
done m peeling to be the difference between the results on two test specimens 
of different sizes, e g (work done in peeling 2 inches long by i inch wide) 
minus (work done in peeling i inch long by i inch wide) gives the amount 
of work done in peehng an area i m x i in A somewhat similar process 
has previously been used by the British Cotton Industry Research Asso¬ 
ciation when using a balhstic machme to assess the tearing strength of fabncs 
A 3-ply rubbensed fabnc, used for gas-retaining purposes, was tested by 
this method Test specimens were cut normal to the longitudmal direction 
of the roll and the back ply was peeled away from the other two plies The 
mter-ply adhesive was natural rubber and tests were made with the ballistic 
pendulum testing machme Some typical results are quoted in Table I to 
illustrate the recorded observations. The majonty of the test results are 
given in the form of graphs 


Table I 

Plied Rubberised Fabric 

Detailed results on one inch wide test specimens 


Length peeled 

i in 

1 in 

IJin 

2 in 

2i m 

3 m 

Actual machme readings 

11 

22 

29i 

43 

51 

68 

(inch-pounds) 

13 

21 

30 

• 45i 

46J 

56 


12 

22 

29 

41 

m 

561 


13 

23 

30 

38 

4:1 

55“ 

Mean 

12i 

22 

29i 

42 

48 

56i 


Woik done in peeling 

i in length W-V , , 2V'-2" and gives a mean of 9 inch-pounds 

1 m length (li^-4^ , 2^-1^, 2^^-!^ and gives a mean of ITJ inch-pounds 

m length (2^-f', 2J^-1" and 3"-!^') gives a mean of 27^ inch-pounds 

2 in length and 3^-1") gives a mean of 35 inch-pounds. 

2J in length (3^-J-'') gives 44 inch-pounds 

The full results are shown graphically in Figures i and 2 In the former 
the means of the actual machine readings are given. Fig 2 shows the result 
of plotting the work of peehng against the area peeled. It is obvious that a 
linear relation exists between the work of peehng and the area peeled, and 
that the straight hne in Fig. 2 passes through the origin of co-ordinates. 
This enables a smgle factor to be proposed to characterise the resistance to 
peeling as measured by the ballistic pendulum. It is now suggested that 
this be named the Bilhstic Peel Factor ” and defined as the work required 
to separate the plies in a unit area If the area is given in square inches and 
work in inch-lb , the ballistic peel factor is numerically equal to the work 
necessary to separate by peeling the components of one square inch of the 
laminated fabnc 

Comparative Results on Other Plied Fabrics 

A material similar in construction to the gas-retaimng fabnc, but with a 
synthetic rubber inter-ply mstead of natural rubber, was tested User 
expenence had indicated that the synthetic laramate failed more readily than 
the one with natural rubber The sampling arrangements and methods of 
test were as descnbed for the plied fabnc which contained natural rubber 
and the results are given in Fig 3 Thus the ballistic test method indicates 
that the work necessary to separate the phes bound by the S5mthetic adhesive 
is some 20 per cent, less than that required by the natural rubber. 
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Fig I 

Fabnc laminate with rubber interply (means of machme readings) 



Fabric laminate with rubber interply 


Another material tested was a two-ply proofed fabric with a cellulose 
denvative adhesive The test specimens were cut normal to the longitudinal 
direction of the roll, % e weftwise No unusual features are presented by 
Fig 4 in which the results are given. 

A laboratory-made two-ply cellulosive denvative laminated fabric was 
assembled in order to test the generality of the balhstic method It was 
thought that, by comparison with machine-spreading, the laboratory spread¬ 
ing of the adhesive would be irregular and thus disturb the linear relation 
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3 

Fabric laminate with synthetic rubber interply. 



Fig 4 

Fabric laminate with cellulose derivative interply 

between work required and area peeled The resultant plied fabric was 
rather stiff, but it was sampled so as to obtain the maximum possible number 
of inch-wide test specimens The ballistic peel test results are given in Fig 5 
It should be noted that although the factor is much lower than that of the 
other cellulose derivative (Fig. 4), the lineanty of the work-area relation 
remains. 

Application of the Ballistic Test Method to Other Materials 

For systems consisting of rigid and flexible components such as adhesive 
tape stuck to sheet metal, all that is necessaiy is to arrange for the flexible 
ply to be attached to the pendulum gnp and the ngid component to the fixed 
gnp of the testing machine. The flexible component of the test specimen 
should be long enough to allow the pendulum to be raised to its highest posi¬ 
tion and for peeling to begm as the pendulum bob swings through its lowest 
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Hand-made fabnc lammate with cellulose derivative interply. 



Results of miscellaneous tests 

position. As m the laminates made from two flexible components, the phes 
are separated except for the known area to be peeled. 

At present the test method will not cater for two ngid adherends 
However, certain materials which are ngid may be made sufficiently flexible 
by decreasing the thickness. Provided that the thinned matenals have sur¬ 
faces with properties similar to those of material of normal thickness it 
seems reasonable to assume that the ballistic method will measure the work 
necessary to overcome the adhesion 

Some Illustrative Results on Other Materials 

Fig 6 contains the test results obtamed on a system consisting of a metal 
to metal joint The metal was copper foil, 0*0024 in thick, and the adhesive 
was a rubber-bitumen compound The adhesive was applied to i in, wide 
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stnps of the foil and the two coated surfaces were brought together The 
test specimens were prepared and tested as descnbed above Examina¬ 
tion of the peeled ends of the test specimens revealed an almost continuous 
film of adhesive still intact on both adherends. This might indicate that 
failure was caused by the internal cohesion of the adhesive being less than 
the adhesive force between adhesive and adherend, but it certamly indicates 
that flexing of the adherend had no senous effect on the adhesion between 
adhesive and adherend. The particular adhesive was a readily deformable 
matenal when set—a factor which, according to the reasoning of Rivlin/ may 
account for the relatively high ballistic peel factor 

Representative results obtained with a rigid/adhesive/flexible system are 
also given in Fig. 6 In this case, rubberised fabric was stuck to 24 SWG 
Duralumin with a rubbin-resin compound. This adhesive was hard when 
set_^in contra-distinction to that used on the metal foil system. 

Tests were also made by the foregoing method on adhesive tape and the 
results will be found m Fig. 6. The tape which was available was one inch 
wide and readings for peeling distances of i, ij, 2, 2| and 3 inches were 
obtained The rigid adherend was sheet Duralumin. Points on the graph, 
which are the net readings, are more dispersed than in any of the other 
systems tested. 

DISCUSSION 

The results given in Figures 1-6 indicate that the method of the measure¬ 
ment of the work of separating the plies of a laminate is capable of wide 
apphcation The apparatus used is standard equipment in many textile 
laboratones and the technique is simple and straightforward 

Apparently, the only drawback is the amount of matenal necessary, 
especially if the full range of test widths is used However, this increases 
the value of the result as it is obtained from a greater area of material. 

For research work on new laminated fabncs and for work on the develop¬ 
ment of existing adhesives and processing methods, tests on specimens of 
several widths are recommended In the tests given above, the phes in 130 to 
180 sq in. of fabric were separated. Fewer tests should suffice for quality con¬ 
trol work The number of test specimens of each size could be reduced and/or 
the range of test specimen sizes reduced Alternatively, the construction of 
a graph could be omitted and the difference in the work required to peel 
2 sq in and i sq in would give a reading numerically equal to the sug¬ 
gested ballistic peel factor, provided, of course, that the widths of the test 
specimens in both cases are identical. 

The results obtained on materials other than fabric laminates are not 
intended to serve as compansons between the respective materials, adherends 
and adhesives were used because they were to hand and would serve to 
demonstrate the types of systems that could be tested by the suggested 
method No claim is made that the method in itself offers a means of com¬ 
pletely evaluating an adhesive, but it should prove useful as an additional 
approach to the far from simple problem of assessing adhesives 
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I. INTRODUCTION 

Experimental values of heat of wetting or integral heat of sorpton, and 
derived values of the differential heat of sorption of cellulosic fibres are 
limited in the literature. Shorter^ showed that it was possible to calculate 
values of the differential heat of sorpton of a fibre, by appl57ing a form of 
the Kirchofi equaton for the heat of dilution to adsorption isotherms at 
temperatures which were reasonably close together This has been done by 
vanous authors, both for cellulose and protein fibres Katz® pointed out 
that direct measurements of the heat of wetting would yield differential 
heat of sorpton values, by measuring the slope of the heat of wetting/ 
moisture regain curve This latter method, sometimes called the direct one, 
was used in the expenments which are the basis of this paper and the 
technique is that of Rees ® 

Heat of absorption data for Texas cotton, mercerised cotton, Tenasco 
and Fortisan have been published by Rees ® This work is a continuation of 
that of Rees and the majonty of cellulosic fibres have now been studied. 

II. THEORY 

The method used by Rees® and the author is known as the direct or 
calonmetnc method for evaluating integral and differential heats of sorption. 
The quantity measured experimentally is the integral heat of sorption, or 
heat of wettmg, which is defined as the heat evolved when the material at a 
given moisture regam C is completely wetted out, and is expressed in calories 
per gram of the dry material 
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The differential heat of sorption, or heat of absorption, is the heat evolved 
when I gram of water is absorbed by an infinite mass of material and is 
expressed in calories per gram of water absorbed. 

The integral and differential heats of sorption are related by 

Air dW" 

^ dc . 

where AH is the differential heat of sorption, W is the integral heat of sorp¬ 
tion and c is the moisture regain. In this paper AH refers to the sorption of 
liqmd water and not to that of water vapour, and is a common 
notation.*-*-*-”'” 

The differential heat of sorption may also be calculated by the indirect 
or isosteric method which was first used by Shorter * By thermodynamic 
reasoning he deduced an equation which is a form of the Kirchoff equation 
for heats of dilution and is 




or AH= -R 


dlogr 


( 2 ) 


d(i/r) 

where T is the absolute temperature, R is the gas constant and r the relative 
humidity. 

If a given moisture regain c is maintained by a relative humidity ri at 
temperature and also by relative humidity at temperature T^, and it is 
assumed that AH does not vary appreciably between Ti and then 
equation (2) may be wntten 

RIxT^Oogn-logr.) 

^^0— j . 13 / 


This equation may be used directly with moisture adsorption isosteres, 
obtained by plotting log vapour pressure against i / T 

Owmg to the hysteresis effect, thermodynamics cannot stnctly be applied, 
smce the process is not reversible, but vanous authors''‘**®'^’®»®*^“ have used this 
method and fair agreement with the calorimetnc method has been obtained. 
Rees® has commented on limitations to the accuracy which may be obtained. 

When the differential heat of sorption has been evaluated the entropy 
change may be calculated A thermod5mamic treatment of sorption and 
swelhng, analagous to that applied to dilute solutions was put forward by 
Katz ^ Valko/ Babbitt® and White and Eyring® have reviewed the position. 
The general expression for the free energy of a system at constant pressure 
and temperature is 

AF=^AH-T,AS . . (4) 


AF IS the decrease in free energy occurring when i grame of water is 
added to an infinite mass of cellulose under given conditions, and AS is the 
net entropy decrease in excess of the entropy of condensation of water vapour 
to liquid water. 


In the swelling process p.AV (A 7 is the volume change) may be neglected 
compared with the work done and hence the latter may be equated to the 
free energy change The change in the work function of i g of water vapour, 


RT* 'b 

treated as a perfect gas is — loge ~ where p is the equihbnum vapour 

M p 

pressure of the cellulose/water system, p^ the saturation vapour pressure, 
and M the molecular weight of water vapour 
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Equation (4) may now be wntten 

.(5) 

Values of loge ^ may be calculated, AH is derived from experimental 

M p 

data and so AS may be evaluated. 

HT' 'A 

At eqmlibnum pressures approaching zero, ^log.^ will approach 

ila p 

infinity, implying that AH or AS also approaches infinity. Rees® and the 
author have obtained fimte values of AH for both dry samples and 
samples of small moisture regain. Neale and Stnngfellow^ workmg at 
extremely low relative humidities also obtained finite values for the differential 
heat of sorption. Hence it appears reasonable to apply equation (5) except 
at relative humidities approachmg zero. 


III. A SUMMARY OF PREVIOUS WORK 

Rees® has summarised hterature concerning the integral and differential 
heats of sorption of textile fibres. Several additional pomts of mterest will 
now be briefly mentioned. 

Razouk^ has given a critical review of various theories of the heat of 
wetting, and of methods for its measurement. Katz^ compared the decrease 
of free energy with the differential heat of swelling which showed that some¬ 
thing more was occurring than the force of attraction between solid and 
hqmd Either the degree of association of the water is changed through the 
swelling, or some regular arrangement occurs as in the formation of crystals 
Stamm and Loughborough’ (wood) and Houtz and MacLean^® (paper) cal¬ 
culated differential heats of sorption from adsorption isotherms and their 
results for As were in fair agreement, Simril and Sherman Smith^® showed 
that the differential heat of sorption is not independent of temperature. The 
moisture hysteresis loop is interpreted on the basis of the entropy of the 
sorbed water, and the resulting theory is an extension of that of Urquhart.^® 
Babbitt® summarised data from several sources and Brunauer^® has given a 
detailed account of the theoretical aspects of heat of adsorption. 

IV. APPARATUS AND EXPERIMENTAL TECHNIQUE 

The calorimeters 'and experimental procedure have been described by 
Rees.® Briefly, a sample which has been carefully conditioned is released 
from its sealed container under water in a Dewar flask, and the temperature 
nse is noted by means of a series of thermocouples. A secbnd flask provides 
the constant-temperature thermojunction, the whole apparatus being enclosed 
in an air thermostat at 25° C. The second part of the experiment consists 
of heating the flask and sample by a known electric current so as to obtain 
approximately the same temperature rise. Galvanometer deflections are 
corrected for loss by cooling and the integral heat of sorption is obtained 
from* — 




4*i8.w,di 


( 6 ) 


where V is the potential drop across the heating coil in volts, t is the time in 
seconds that current I amps, passes through the heating coil, w grams is the 
dry weight of the sample, and and are the corrected galvanometer 
deflections for the wetting and electrical heating parts of the experiment. 
The estimated experimental error gives an accuracy of ±0*5 per cent. 
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Materials Used and Their Preparatory Treatments 

(ci) Bengals cotton and Montserrat Sea Island cotton, both yams of los 
count and twist factor 2-5, were given the following sequence of treatments: 
ments: 

(i) Scour, 3 hours, i per cent. NaOH+o-i5 castor oil soap at 30 lb. 

pressure. 

(ii) Scour, 3 hours, i per cent. NaOH only 

(iii) Bleach, Jhour, n/ 25 sodium hypochlorite, pH ii. 

(iv) Sour, n/io hydrochloric acid, J hour, and washed free from acid 

with distilled water, 

(6) Flax:—^Yam fully boiled and bleached. 

(c) Rayons:—^All in yam form 

Viscose .150 den. /27 fil.l Soured, 

Spun viscose . ... .. .. 6s washed free 

Spun viscose ... ... ... ... . . los l^from acid with 

High-tenacity viscose (Durafil) ... .. 30/100 distilled water 

High-tenacity viscose (Tenasco 20%, 40%, 60%, 80% stretch) and extracted 

Cuprammonium ... . . 150/112J with ether 

Cellulose acetate (Seraceta) 250/48; Extracted with ether. 

Conditioning 

After the above treatments all samples were conditioned from the dry 
state, and great care was taken over the conditioning process. Samples were 
first placed over phosphorus pentoxide in a vacuum desiccator for at least 
three weeks. Samples for measurements at zero regain were quickly trans¬ 
ferred to the glass container and sealed off by the aluminium stopper. These 
were then evacuated through phosphorus pentoxide tubes by a mercury 
diffusion pump backed by a Metrovac rotary oil pump. It was found by 
weighing at mtervals that samples were perfectly dry after three days on the 
pumps. It was possible to dry four samples at once. 

Conditioning to regains other than zero was earned out both by the 
method described by Rees, and also by storing over sulphuric acid solutions 
in desiccators. The relative humidities corresponding to the strengths of the 
sulphuric acid solutions were obtained from tables by Wilson.^® 

All conditioning was carried out at 25° C. and in every experiment the 
moisture regain of the sample was determined. The conditioned sample was 
weighed before wetting out and its dry weight obtained by heating for 16 
hours at 106° C. in a drying oven. When dry samples were wetted out 
there was no significant difference between the weights after dr3ung over 
phosphorus pentoxide prior to the experiment and the oven dry weights 
measured afterwards 

V. EXPERIMENTAL RESULTS AND DISCUSSION 
Integral heat of sorption measurements were made on the materials listed 
above and the results are shown in Table I (see Appendix) 

Curves have been drawn of integral heat of sorption plotted against 
moisture regain, and are shown in Figs, i and 6. 

All measurements were made on samples which had been conditioned 
from zero regam to their final value, their moisture regains all fall on 
the main adsorption curve. No experiments were carried out on samples 
conditioned by desorption and no information was obtained on the effect of 
hysteresis. Argue and Maass^® showed that the integral heat of sorption of a 
sample conditioned by desorption was greater than the value obtamed after 
conditioning by adsorption to the same moisture regam. 
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Differential Heat of Sorption 

{a) Calorimetnc method. From the curves obtained by plotting the integral 
heat of sorption agamst moisture regain values of the differential heat of 
sorption were derived using equation (i). The slopes of the curves were 
measured with a slope meter and in the vicinity of zero regain by calculaton 
from a fitted polynomial Differential heats of sorption are listed against 
moisture regain in Table II (see Appendix), 



Fig I. 

The values of A-ff for the vanous dry fibres he on either side of a mean 
value of 297 cal./g of water absorbed. Hermans^^ has stated that if the 
average constitution of the amorphous parts of all cellulosic materials is 
approximately the same, then the intensity factor of sorption should be the 
same for aU the materials This requires that the differential heats of sorphon 
at zero moisture regain are equal. 

The figures of Table II do not rigidly prove this, but they do indicate that 
the conclusion is probably correct. Neale and Stnngfellow^ calculated AH 
by the isostenc method, from accurate moisture regain measurements on 
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cotton at very low humidities, and obtained a value of 289 cal. / gram. Values 
of Aff at zero regain by other authors vary considerably, the figures falling 
between approximately 200 cal /g., for cotton by Strachan^* (an extra¬ 
polated value) to 387 cal./g. by Babbitt^ from data by Katz on cellulose. 
Simril and Sherman Smith^^ quote the upper value to be 800-1,000 cal./g, of 
water. The values of Rees (average 283 caL/g.) and the author for the 
differential heat of sorption at zero regain may be said to be approximately 
equal. The differences appear at first sight to be too large to come under 
the classification of experimental error. However, the slopes of the mtegral 
heat of sorption curves are greatest at zero moisture regain and a very small 
difference in the measured value of W or moisture regain will have a very 
large effect on the value of AIT. 



MOISTURE REGAIN PER CENT 

Fig. a. 


For the present it will be sufficient to regard the values as approximately 
equal and that the nature of the absorbing matenal of all cellulosic materials 
IS approximately the same. The values of the integral heats of sorption at 
zero regain will therefore mdicate the relative amounts of absorbing matenal 
present in the different fibres, again approximately. 

Curves of the differential heats of sorption of viscose rayon, cupram- 
monium rayon, flax, Sea Island cotton and Seraceta plotted against moisture 
regain are shown in Fig. 2. Curves of other fibres are omitted for the sake 
of clearness. With mcreasing moisture regain from zero the value of AST 
falls off rapidly at first, and in the region of moisture regams correspondmg 
to normal room relative humidities the curves flatten out appreciably. 

(6) Isosteric method. Calculated values of the differential heat of sorp¬ 
tion of viscose, cuprammonium and acetate rayons were obtained by the 
isosteric method from moisture adsorption isotherms by Wiegennk,^® whose 
data apphed to the range of temperatures 96-302° F. Absorption isosteres 
were drawn and the straight lines extended to 68° F. Values of AH were 
then calculated by means of equation (3), and are shown in Fig. 2. 
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These isostenc values are less than the calorimetnc values of Table II 
amounts of the order of 40 cal /g. at 6 per cent, moisture regam, decreasing 
to about 23 cal./g at 12 per cent, moisture regain for viscose and cupram- 
monium Values for acetate rayon are less by 22 cal /g. at 4 per cent, 
moisture regam, decreasing to ii cal /g at 6 per cent, moisture regain when 
referred to Seraceta values in Table II. 

Hermans^® has commented that values of the differential heat of sorption 
by the isostenc method are always less than values by the direct method. 
This is supported by the above results. It is a debatable pomt as to which 
values of moisture regain should be used for thermodynamic calculations, as 
m the isosteric calculation of differential heat of sorption. Most calculations 
have been earned out on adsorption values chiefly because, with the excep¬ 
tion of the data of Wiegerink,^® the temperature effect on sorption was 
usually measured for adsorption isotherms only. The correct value thermo¬ 
dynamically may be on a curve intermediate between the main adsorption 
and desorption curves. In this paper the isostenc calculations were made on 
pomts on the main adsorption curve. 

Deductions from Values of Integral Heats of Sorption 

The integral heat of sorption data yield information regarding the relative 
amounts of water binding matenal in the different fibres. Rees® has com¬ 
mented on values at zero moisture regain, and for regains other than zero 
Hermans®^ derived corresponding moisture regains for cotton and viscose 
rayon, which he compared with the moisture sorption ratios. 

The hypothesis that the absorbing material of all cellulosic fibres is the 
same in average constitution may now be tested in two ways. 

First, the co-ordinates of points on the curves of Fig. i should differ in 
scale only. That is, by appl3dng a ratio to both co-ordinates of all points on 
the curve for say viscose rayon, it should be possible to cause the curve to 
comcide with that of, say. Sea Island cotton. Fig. 3 shows expenmental 
points, for aU the fibres on which measurements were made, which have had 
their co-ordinates reduced, with Sea Island cotton taken as the reference It 
IS clear that all the points he near to a single curve and that the hjpothesis is 
supported. 

The ratios which were applied to the expenmental plots for each fibre 
were obtained as follows. Refemng to Fig. i lines were drawn from O to A, 
B and C (chosen arbitranly), and the distance of each curve from O was 
measured along OY, OA, OB and OC. The ratios of the distance of each 
curve from 0 to the distance of the curve for Sea Island cotton from 0 was 
calculated, and an average value obtamed for each material from the four 
directions OY, OA, OB and OC. These average ratios were then used to 
reduce the co-ordinates of the axes of expenmental pomts to those of Sea 
Island cotton. 

The values of the average integral heat of sorption ratios are shown in 
Table III (see Appendix) 

The second test is to compare these values with the average values of 
moisture sorption ratios of Urquhart and EckersalF® which are shown m the 
last column of Table III The agreement is fair only. The values for vis¬ 
cose, cuprammomum, spun viscose los and Seraceta are in accordance with 
an observation of Hermans and Weidmger^® that mtegral heat of sorption 
ratios are generally higher than moisture sorption ratios 
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Differential Heat of Sorption and Relative Humidity 

Babbitt® pointed out the advantage of plotting the differential heat of 
soiption against relative humidity instead of moisture regain. If the average 
constitution of the water absorbing regions of all cellulosic fibres is the same 
it follows that the differential heat of sorption/relative huimdity curves 
should be the same for all fibres. 



MOISTURE REGAIN PER CENT 

Fig 3 

In Table IV (see Appendix) values of the differential heats of sorption of 
different cellulosic fibres are shown against values of relative humidity Use 
was made of moisture absorption isotherms for the three cottons by Urquhaxt 
and Williams,^^ and for the rayons by Urquhart and Eckersall.^® The samples 
of spun viscose were found to have moisture regains very near to those of the 
latter authors for Fibro. The differential heat of sorption data are by the 
present author except for Texas cotton, cotton mercerised without tension, 
and Tenasco, which are by Rees.® 

Table IV shows that for a given relative humidity the values for the 
differential heats of sorption of the vanous fibres agree fairly well although 
there are admittedly quite large deviations. The values when plotted agamst 
relative humidity fall within an area or loop as shown in Fig 4. 
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Continuing with the concept that all cellulosic matenals are identical 
regarding the nature of the process of water sorption and differ only in the 
numbers of active groups available, it was considered advantageous to draw 
a single curve for AH against relative humidity. This curve is an approxi¬ 
mation and IS taken to represent the variation of the differential heat of sorp- 
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Fig 4 

ton of cellulose with relative humidity. It is shown in Fig. 5 together with 
a curve by Babbitt® which he obtained from the results of other authors, all 
of whom except Argue and Maass used the isostenc method. Babbitt's curve 
falls below that of the author and is another instance of values of differential 
heats of sorption obtained by the isostenc method being less than those 
obtamed by the calonmetric method 

Values of AH decrease rapidly with increasing relative humidity at low' 
humidities and after about 15 per cent relative humidity the slope is fairly 
uniform and of a much smaller value than mitially. Values were not obtained 
for humidities above 70 per cent, but it would appear that AH will have 
a very small value near saturation. In this region the free energy approaches 
zero and AS will also be very small. This means that water absorbed near 
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saturation will be very similar to liquid water. The steep slope of the curve 
as zero regain is approached shows that very strong forces must be operating 
dunng the initial stages of water sorption, and these have been discussed by 
Neale and Stringfellow.’' 

Differential heat of sorption values for ]ute have been obtained by 
MacMillan, Mukherjee and Sen®® by the isostenc method. Values of 
differential heat of sorption for given relative humidities were derived which 
are lower than the average values of AH as shown in Fig. 5. At 25 per cent, 
relative humidity the values are nearest to those of Bengals cotton. The 
above authors state that the presence of hgnin, xylan and other hemicelluloses 
m jute may modify its moisture absorption properties 
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Fig 5 

Free Energy and Entropy 

Free energy values j 5? loge—j were calculated and from equation ( 5 ) 

\ ^ P / 

values of T AS and AS were obtained by using AH values from the curve 
of Fig. 5. Free energy (AF) and entropy (AS) values are plotted m Fig 5 
from the data of Table V. 

The entropy values being average ones are approximate only. It is note¬ 
worthy, however, that Stamm and Loughborough quote 0-34 for the entropy 
change of spruce wood with a value of AH of 270 cal. /gm. Their corre- 
spondmg figures for cotton calculated from data by Urquhart and Williams 
are 0 * 26 and 280 cal / gm , respectively 

r.AS values represent the excess energy held by the sorbed water and a 
value pf 105 cal /gm. was obtained at i per cent, relative humidity. 
Babbitt's® value is 81 • 6 cal / gm The latter author also used the moisture 
sorption data on cotton of Urquhart and Williams®^ to calculate F1-F2 in the 
theory of Brunauer, Emmett and Telleri^ and obtained a value of 89*5 
cal./gm. 
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Effect of Stretching on High-tenacity Viscose Rayon (Tenasco) 

The values of the integral heats of sorption of the four samples of Tenasco 
{Table I and Fig. 6) decrease as the percentage stretch is increased; e g., at 
zero moisture regain the integral heats of sorption for 20, 40, 60 and 80 per 
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Fig 6 

cent, stretch are 24-5, 23*8, 23*3 and 22-7 cal./gm., respectively. 
Thus, as Tenasco is stretched the amount of water-absorbing material 
decreases. That its nature does not change is shown by the differential 
heat of sorption values (Table II) which are approximately the same for all 
four samples, except in the region below i per cent, moisture regain where 
there are appreciable differences The conclusion may therefore be drawn 
that stretchmg, which increases the onentation of the chain molecules, causes 
a shght decrease in the hygroscopicity of the fibre. 

This is borne out by the values of moisture regains determined at 25° C. 
and 65 per cent, relative humidity Tenasco, 20, 40, 60 and 80 per cent, 
stretch, had, respectively, moisture regains of 13*4, 14 9, 14-5 and 13-8 per 
cent. 
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VI. SUMMARY 

Previous work by Rees has been extended and integral and differential 
heats of sorption of most cellulosic fibres have now been evaluated Addi¬ 
tional references to the literature, which mainly concern the evaluation of 
thermodynamic functions, are given. 

Differential heats of sorption at zero moisture regam are approximately 
equal for all cellulosic fibres, the average value being 297 cal./gm. of water 
absorbed. This supports the hypothesis that the average constitution of the 
water-absorbing regions of cellulosic matenal is the same for all. 

Also supporting it, is the fact that when integral heats of sorption are 
plotted against moisture regain on '‘reduced co-ordinates”, the values all 
fall near a single curve. Companson between integral heat of sorption ratios 
and moisture sorption ratios for five fibres shows only fair agreement. 

Differential heats of sorption when plotted against relative humidity may 
be represented by a single curve which is approximately correct. At i per 
cent, relative humidity the approximate value of the change of entropy is 
0*35 cal /gm,° absolute for cellulosic matenals 

Samples of high-tenacity viscose rayon (Tenasco) which had been stretched 
by different amounts showed a decrease in the value of integral heat of 
sorption with mcreasing percentage stretch, indicating a decrease in hygro- 
scopicity with stretching. 

REFERENCES 

^ Shorter, S /t. J, Text Inst , 1924, 15, T328. 

3 Katz, J R. Trans Faraday Soc , 1933, 29, 279. 

®Rees, W H Shirley Inst Memoirs, 1947, 21, 333, or/. Text Inst, 1948, 39, T351. 
^Valko, E I “Cellulose and Cellulose Derivatives,’* edited by Emil Ott, Inter- 
science Publishers, 1943, page 394 
® Babbitt, J. D Canadian /. Res , 1942, 20A, 143 
® White, H J , and Eynng, H Textile Research /., 1947, 17, 533. 

’ Neale, S M , and Stnngfellow, W A Trans Faraday Soc , 1941, 37, 525 
® Newsome, P T , and Sheppard, S E J Phys Chem , 1932, 36, 930. 

® Stamm, A J , and Loughborough, W. K J Phys Chem , 1935, 39, 121, 

Houtz, C C , and Maclean, DA J Phys Chem , 1941, 45, in 
Razouk, R I J Phys Chem, 1941, 45, 179 and 190 
Simnl, V L , and Smith, S J Ind Eng Chem , 1942, 34, 226. 

Urquhart, A R. Shirley Inst, Memoirs, 1929, 8, 27, or J Text Inst , 20, T125. 

Brunauer, S, Emmett, P H , and Teller, E /. Amer Chem Soc , 1938, 60, 309 
Brunauer, S “ Physical Adsorption of Gases and Vapours,” Oxford Universi^ 
Press, Chapters VII and VIII 
Wilson, RE /. Ind Eng Chem, 1921, 13, 326. 

Hermans, P H “ Contribution to the Physics of CeUulose Fibres ” Elsevier, 
1946, p 11 

Strachan, E K Amer Dyes Rep , 1938, 27, 240. 

1® Wiegermk, J. K Textile Research J , 1939-40, 10, 357 
2® Hermans, P, H Loc. cit , p 41 
Hermans, P H Loc cit, p 39 

Urquhart, A R , and Eckersall, N Shirley Inst Memoirs, 1932, 11, 75, or J Text, 
Inst, 1932, 23, T163 

Hermans, P H, and Weidmger, A. / Amer Chem Soc, 1946, 68, 2551 
2* Urquhart, A. R , and WiUiams, A M. Shirley Inst Memoirs, 1925, 4,167, or J, Text, 
Inst, 1925, 16, T155 

Argue, G H , and Maass, O Canadian J. Res , 1935, 12, 564 
®® MacMillan, W G, Mukherjee, R R , and Sen, M K /. Text Inst, 1946, 37 > *^^3 
Urquhart, A R , and Williams, A M Shirley Inst Memoirs, 1924, 3,197f or /. Text, 
Inst, 1924, 15, T559 

British Cotton Industry Research Association. 


Received a/ii/1948 



cf Sorphon of Water by Cellulose—Guthrie 


T501 


APPENDIX 


Table I 

Experimental Values of the Integral Heat of Sorption of Some Cellulosic Fibres 


Hoistore 
iwgain % 


W,CQX,lgm. , 
dry material 


Cotton, Bengals 


Cotton, Sea Island 


Moisture 
regain % 

W, cal/gm, 
dry material 

1 

Spun viscose 6s 

0 

23-2 

0-26 

22*8 

1 65 

18 9 

1 85 

18 7 

3*15 

16-4 

3 20 

16-2 

8 27 

99 


Spun viscose 10s 



W, cal.gm, 
dry material 


Tenasco, 60% stretcb 


1*73 

19 0 

37 

161 

4 64 

1 14 5 

67 

11*8 

13 49 

5*6 

13 63 

1 57 

16 95 

3 85 

Tenasco, 80% stretch 

0 

22 7 

1 17 

19 2 

4 95 

131 

6 50 

113 

16-63 

3 65 


Cuprammonium rayon 


Viscose rayon 


Durafil 


0 

13 0 

0 51 

116 

0 73 

11-2 

2 50 

7 34 

4 71 

4 91 

4 93 

4 59 

7-38 

2 45 

7*47 

2 55 


Tenasco, 20% stretch 


Seraceta 


Tenasco, 40% stretch 


0 

23 8 

0 54 

22 1 

1 61 

201 

195 

19 6 

7-10 

12 0 

16 6 

45 

16-88 

44 









Table II Differential Heat of Sorption—Derived Results 


T502 


30 —The Integral and Differential Heats 


w 5 O»r 5 O'^I>C 0 TH® 
a 50 '^<Nosooi>cOTi< 
<N (H t-H 1 —I 


OtfoaocQOS' 44 '^a»ooi><>a»oaoo 

ai<o<Mf*-iot»»oeoi-HOooi>® 

eq|<N<MCl(MrHi-lrHi-tpH 


0©iO(MCq»OTHOO<MOi-ioOOO»H 
COOO« 5 ©t^U 50 S«<Nr-Hi-HOOCO»£ 5«5 
COCUNf-Hi-Hi-lpHi-Hi-li—IcH 


©ioco©ooiooocoa 4 cMi— 


osrt'^o»o© 0 '^eooo©OT}i©>« 


<N®0<M©'^©eoaaO(Np-H(Mi>eo 

l>(M(MO 0010 CQC 004 C<lr<H©a 0 iOlO 


©t>TH-«oo»oeOfHO®i>« 
IN (M fM <M <M I-I i-» 1-^ «-H 


lftOOt^iO«OTj»H<iOCOOOt-p-HaO 
e 4 ©r-t 03 C 0 ©)aC 0 (MrHOC 0 « 0 '^ 
CO<M(Nr-li—ii-HrHi—( 


©©©OQO^d^oo^^eot^ecOri^ 

a>»oeoc<ioO''#eo<N<-i©ooOr-©»o 

N IN <N N ^ F—1 ^ pH fH rH 


OiO©lOOf-HOOl>©©Ti<COTj<>#'<di 

0010(NO©«»eCN<NOO©t-©O 

(NNO-INi-Hi-ti-HpHi-HrHr-i 


Moisture 

sorption 

ratio 

1-9 

.0 = 

Integral 
heat of 
sorption 
ratio 

N CO fH 
» 7 i ep N N i-i 0 
<N N IN IN N N 

1 

1 

si"' 

Pt, 

0) 

“ 0000 

g NhJI® 00 

?sf 

11 i = = 

Moisture 

sorption 

ratio 

0*7 {approx) 

1*93 

1 87 

1 81 1 

Integral 
heat of 
sorption 
ratio 

OS©Nl>«D<-H 

© i-H C" © 0 

0 0 hH pH rH N 


QO«ON«OIOCQQOQOCOO 
10eOOOON©QOOOQO 
<M <N IN <N i-H pH 


10i-tC0O00i-ie0t>rHt>rH 
OS^Oi-HCOCOpHOOt^t^©© 
(N CM IN 1 ^ >—1 I —1 


l>t>tfOOO»OpHlrF(NT|<OaoO 
i-H©cNcocooooi>©taio 
CO N (N 1 ^ 


ui o o 


V d ‘H ^ ' 
Q bO M n M C 

h § ^ 3 pj ^ 

^pqSPo 



of Sorptton of Water by Cellulose—Guthne 


T503 


Xil 

(U 

I 

(3 

s' 

I 

o 

la 

-§ 

g 

*g 

fi 


♦Cotton 

Mercerised 

WT 

00 oa COe«) 0 QO t> CO CO vs IQ f f 

^ ^ ^ ,.H i-H ] 1 

8 

1 

* 

i-tCN'^oc^vscS’^’^irswscot^e^jf-c^ 

aicocovseo<M>-<oasQOi>covsvS'^T*< 

♦Texas 

cotton 

VJOOaOMVSOSVSVSt'O'^VSOO 

00 <—1 CO <M r-» 0 OS GO t> I> CO vs f ( 

fl<| 01 rM i-H II 

Seraceta 

v5'tji.-ieOi-HOsOfiOi>eoi>c<)i>eo 

OSi—ICOOS»^OSOSOOt>OCOCO»OVS I [ 

<M (M r-( rH 11 

Tenasco 

40% 

Stretch 

0SQ0l>«0V5t>i-H'^C0OC^C0’<^J<0001 
i>cO’s*<eoaq^i-(Oososooi''COvsvs t 

(MpHtHi-Hi— ii—fi—«i—( 1 

Cupram- 

monium 

Oi-fOStfOfi<l<MfiOCOOOflOOOC<lOO’«#»-<t> 
OSt''^i<CO«Mi-400SQOGOI>t'?OCOCO-VS 
©q (-H 1—4 1—I 1-^ l-H pH 

Burafil 

iOaS'4*lCO<N<NC-T*<COOVSpHCOCO , . 

OSCDVSCOOlpHO'OSQOOOt't-COCO 

W rH rH rH pH j | 

Spun 

viscose 

10s 

«SC0'4j<O00aS0S(Mtf0 10t>-O«0»05O 
flOI>»OTt<«M^OOOS»C^l''COlOT»<’’^ 

COpHPH.-4p-1l-tP-lP-1 

Spun 
viscose 
j 6s 

OOOOQOpHTi4r"'-^SOI>OVSOST*<OSVS 
OSVS'ri4(MOlpHOOOSQOXl'':OCOVSVS 
(MrHi—it--lrHf-«rHF—t 

Viscose 

Ol>H40<MVSOS’4it30©lC-^^lCOpHr*<QO 

OOCO'^<0'MrHOOOSaSOOaOl>t^COV3 

©IpHpHF-H^r-si—ti— ( 

1 Sea 

Island 
cotton 

XOtNC-00(M«OI><Nt-T*4©10l>VS , 

05 0 CO <N pH 0 O' 00 X l> t" r* to CO 

(M i-H pH pH i-H p-i 1 

Bengals 

cotton 

VS VS X VS t* 0 OS ^ 00 VS X 0 t> , 

pHt-eOpHOOSXXtHC'pvOXXXO 

CO pH i-H i“H 1 

Relative 

hunudity 

% 

OVSOVSC5VSO>OOVSOVSOVSOV5 

pHi-H<M©'lXC0'Tt*-^VSlOXXl>t' 


I 


K 



T504 


^o—Heats of Sorption of Water by Cellulose 


Table V 

Changes in the Differential Heat of Sorption, Free Energy, and Entropy of 
Gellulosic Fibres, witii Relative Humidity 


Relative 
hTimidity % 

AH, cal./g 

AP, cal /g 

T. AS, cal./g. 

AS, cal./g./° T 

1 

266 

161-0 

105 0 

0-35 

2 

229 

128 2 

100-8 

0 34 

5 

178 

98*5 

79 8 

0-27 

10 

150 

76 6 

73-4 

0-25 

15 

133 

63-0 

70-0 

0-24 

20 

121 

53 5 

67 5 

0-23 

25 

111 

46 1 

64 9 

0-22 

30 

103 

40 0 

63 0 

0-21 

35 1 

96 

34 9 

61-1 


40 

88 

30 4 

57-6 

0-19 

45 

82 

26-6 

55 4 

019 

50 

75 

23 0 

52-0 

0 18 

55 

69 

19-9 

49-1 

0-17 

60 

63 

17-1 

46-9 

015 

65 i 

59 

14 3 

44-7 

0-15 

70 

57 

11-9 

46-1 

0-15 

75 ! 

50 

9-5 

40-6 

0-14 
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31 —A STUDY OF THE EFFECTS OF LAUNDERING AND 
STORAGE ON COTTON CLOTH* 

By Mary E. MuRDisoNf and Jessie S. RobertsJ 

{Copyright by the Textile Institute 

INTRODUCTION 

The fundamental changes occurring in cotton fabric durmg wear are as 
yet unknown. This study was undertaken to determme by means of micro¬ 
scopical, chemical, and physical tests some of the changes which had taken 
place in cottons laundered up to loo times Variations in tensile strength 
and fluidity in cuprammonium were recorded after repeated launderings, and 
a microscopical technique using Congo Red after the method of Clegg'^ was 
employed to reveal wear as it was registered m damage to the fibre. The 
majority of the cotton samples for the test had been put through the launder¬ 
ing processes in 1940. At this time, extent of degradation had been esti¬ 
mated by tensile strength loss and increase in fluidity only. In the present 
study, tensile strength and fluidity determmations were repeated, and in 
addition the Congo Red test was used For purposes of comparison, a fresh 
senes of cotton fabrics was laundered 100 times, and the same determina¬ 
tions were made. This was necessary to find out whether any of the visible 
tendermg had been due to the eight years agemg 

The visible reactions of the cell wall of the cotton fibre are governed by 
its structure. The pnmary wall is considered to be composed of a single net- 
lie layer of cellulose, in which the fibnls show three systems of onentation, 
one transverse to the fibre axis, and two wound spirally at an angle of less 
than 70° to the main axis.^*® The first layer of the secondary cellulose, 
deposited when the fibre has ceased to grow m length, has been designated by 
Hock, Ramsay, and Harns as the wmding'".® It is composed of slightly 
coarser fibnls, with a moderately steep spiral direction which reverses many 
times. Beneath this layer he concentnc lamellfe of finer threads, these wind 
at an acute angle to the fibre axis, forming with the wmdmg the secondary 
thickening of the cell wall The layer adjacent to the lumen or central canal 
has been observed by Berkley as distinct from the lamellae of the secondary 
wall.® 

Rupture of the fibre wall during swelling, an integral part of the staming 
test used in this investigation, has been related to the direction of the cellulose 
fibrils. Kerr noted that the winding of the secondary cellulose broke invan- 
ably parallel to the direction of its cellulose chains, but found that the pnmary 
membrane would tear in vanous ways, often parallel to the orientation of 
the winding, or to the striations of the main layer.® Rollins produced marked 
spiral patterns in air-dned, mature cotton fibres which were treated with 
gaseous NOa, swollen and stained,^ Clegg demonstrated the tendency of the 
cuticle to split in a spiral line in the microscopical examination of damaged 
cotton fibres swollen m NaOH and stained with Congo Red ^ 

In this examination, use of the microscopical technique of the Congo 
Red test demonstrated a qualitative correlation between degrees of visible 
damage resulting from wear in laundering, and levels of chemical or physical 
tendering which were shown by loss in tensile strength and increase in flmdity. 

* Contnbution from the Department of Household Science, University of Toronto, 
Toronto, Canada. 

t Research Assistant, Department of Household Science. 

t Assistant Professor of Household Science. 
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EXPERIMENTAL 
Procedure—Order of Examination 

A preliminary study of several series of fibres from identified sources was 
made. These were chosen to illustrate the specific effects of individual wear 
factors which would be met in the laundered cloths under examination. 
The results of storing raw cotton were mvestigated on samples of year crops 
back to 1935 obtained from the United States Department of Agnculture. 
The effects of processing cotton through spinning, weavmg, and finishing 
were studied on samples obtained directly from mills The appearance of 
raw cotton after storage, and of unused bleached fabric is particularly 
described m this report as beanng directly on the control samples of the two 
laundered series; one had been stored eight years and both were bleached 
material. 

Two sets of laundered cloth were then used for study These had 
been washed 100 times in 1940 in a gyrator machine by a controlled process 
(Table I), one set had been dried indoors and one outdoors. The material 
saved from this experiment had been stored in a cardboard box placed in a 
dark cupboard in the laboratory for the eight years. The conditions would 
be similar to home storage in a Imen cupboard at average Canadian room 
temperatures (70^-75° F. except for summer increases). 

In 1940, tensile strength and fluidity in cuprammonium on 5 test bundles 
for each series had been determined at levels of 0, 10, 25, 50 and 100 
laundenngs. In the present study, the tensile strength and fluidity deter¬ 
minations were repeated, and m addition microscopical examination follow¬ 
ing a staining with Congo Red was made. 

To further the investigation, a fresh series was laundered 100 times. An 
automatic washing machine, not available for use in 1940, was employed to 
save time. Concentration of soap and dry weight of load were the same as 
for the 1940 study. (Table II.) Standard cotton fabnc, the same as 
that used in 1940, was obtamed through the National Research Council, 
Ottawa This cloth, which is used in laundry test bundles, is as nearly 
as possible constant in quality, it is a 36 in fabnc, free from sizing, woven 
with TOO picks and ends per inch A single length of fabnc was used for 
this senes, 48 in being cut off for testing as each level of 10, 25, 50 and 100 
launderings was reached 

Table I 

Laundering Process for Gyrator Machine with Wringer 
Series Laundered 1940 


Process 

Equipment Used 

Supplies 

Time Min 

Temp 

Soak 

Porcelam Laundry Tub 

Water 9 Gal 

10 approx. 

32 

Suds 

Gyrator Machine 

Water 12-5 Gal 
NaaCOg 7-5 Gm * 
Soap 175 Gm.f 

8 exact 

67 

Rmse 

Tub 

Water 9 Gal 

10 approx. 

32 

Rinse 

Machme 

Water 12-6 Gal 

8 

67 

Rinse 

Tub 

Water 9 Gal 

Dipped 3 X 

Cool 

Rmse 

Tub 

Water 9 Gal 

Blue 3 4 Gm. 

Dipped 3 X 

Cold 


A steam drier was used for indoor dr 3 ang, but no record kept of drying times or 
temperature. Outdoor drying was done on the roof of the Household Science Buildmg. 
Load —Clothes were added to keep the load constant at 7 lb. dry wt 
Soap ,—One lot of pure soap, Colgate Palmolive Peet Golden XXX was used for the 
entire study 

A Coffield gyrator macbme with wringer was used. 

* Sufficient NagCOa to soften Toronto water 
■f Soap to make a 0 * 3 % solution 
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Table II 

Laundering Process for Automatic Machine 
Series Laundered 1948 


Process 

Equipment Used 

Supplies 

Time Mm. 

Temp. ®C, 

Soak 

Automatic Machine 

Water 6 Gal 
Capacity 

13i 

43 

Suds 

if if 

Water 5 Gal. 
X^agCOg 3*3 Gm 
Soap 76 Gm 

16i 

67 

Flush Rinse 

it it 

Water 

2 i 

43 

Deep Rinse 

ii 11 


6 f 

43 

Deep Rmse 

it it 


6 

43 

Spm Damp Dry 

a it 

Steam Drier 

a 


53-60 

Dry 


av. 30 


Load, brand of soap, and concentration of soap same as for Series 1940 , 
A Bendix automatic washing machine was used. 


Methods of Testing 
{a) Congo Red Test 

A differential staining of the cotton fibre by Congo Red is the basis of 
Clegg’s microscopical test. After a prehminary swelling m NaOH and a 
given staining period at room temperature, the intact cuticle* of the fibre 
takes on a umform pale pink. In the event of rupture of the cuticle, any 
cellulose exposed beneath takes up the stain more rapidly, to give a bright 
red colouring The choice of concentration of caustic for the treatment 
before staining is based on a study of the swelhng of the fibres.^ If the 
cuticle IS already ruptured by mechanical damage, a 9 per cent, solution of 
NaOH is sufficient to cause the fibre wall to swell inwardly, but no pressure 
on the cuticle results. At a concentration of ii per cent., pressure is exerted 
outwards on the cuticle; this concentration is used in examination of fibres 
whose cuticle may be weakened, but not actually tom, for example as a 
result of heat, light, mildew, or chemical attack. If little or no damage to 
the fibre is expected, the first immersion is in an 18 per cent, solution of 
NaOH, which gives maximum swelling pressure. 

In this study, a representative sample of fibres was obtamed by unravel¬ 
ling 6 in. yam lengths from eight to ten different areas of the test piece. 
Before the prelimmary swelling, the fibres were dipped in boiling alcohol to 
ensure thorough wetting. They were given a 3 mmute swelhng in NaOH at 
room temperature A concentration of 18 per cent. NaOH was used for raw 
fibres; ii per cent. NaOH was employed for fibres from processed and 
laundered samples. The fibres were then thoroughly washed, dried between 
filter papers, and stained 10 minutes in a 2 per cent, solution of Congo Red. 
After the stain had been washed off, the fibres were given a final immersion 
in 18 per cent caustic soda, to accentuate any colour contrast present. They 
were mounted in the same 18 per cent NaOH for immediate examination 
under the microscope A seal of glycenn-gelatme solution was used if the 
slides were to be kept a day or two. 

(ib) Tensile Strength 

Tensile strength was determined by the grab method on a Scott tester, 
following the method of the A S.T M The samples were previously con¬ 
ditioned to 65 per cent. RH and 70° F. The results reported are the 
averages of ten determination s. 

* The term " cuticle ” is used here in reference both to the cuticle proper and to 
the primary wall * 
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(c) Fluidity in Standard Cuprammonium Solution 

Five fluidity determinations were carried out at each level. The pro¬ 
cedure of the Canadian Government Purchasing Standards Committee 
Schedule of Methods of Testing Textiles (1947) was followed. Warpwise 
yams along the full width of the samples were taken for the 1940 series, to 
duplicate the method outlined for this study. A representative sampling 
was obtamed for the 1948 series by using warp and weft threads from the 
full width of the material The flmdities of warp and weft threads were 
tested separately and found to be identical The averages of the five tests 
are reported here in reciprocal poises. 

[d) Statistical Analysis 

' An analysis of variance in tensile strength and flmdity results was per¬ 
formed to ascertain the sigmficance of differences in data collected in 1940 
and in 1948 '"t" values were calculated to test the significance of differences 

between the means of values obtained for tensile strength and fluidity deter¬ 
minations on the series laundered m 1948, to indicate at what levels sigmficant 
wear effects could be noted. 

Results 

The Congo Red test used for preliminary study of raw fibres from year 
crops back to 1935 showed only occasional spiral lines or uneven darkly 
staining spots; there was little other distingmshable '"damage" from storage. 
(Plate 1,1). New raw cotton (Plate 1 ,2) showed no characteristic breaks at 
all, except at fibre bends or in abnormally thickened fibres which split in a 
definite, dark spiral line. Bleaching of woven cotton produced a slight break¬ 
down in the fibres, evidenced by a characteristic faint background spiral 
pattern which was general on the surface of the fibre. (Plate 1 ,3), This new 
bleached material also showed the small amount of mechamcal damage 
resulting from processing—(spinning, weaving and finishing) identified in 
preliminary studies of fibres of known history. 

Examination of Series Laundered in 1940 
[a) Congo Red Test 

Progressive and complex damage to the cuticle was observed m fibres 
from the series of laundered and aged cottons. (Plates II, III, VI). The 
unlaundered control exhibited the faint spiral pattern found in bleached 
materials, as well as some small darkly staining crack-hke spots and less 
regular spiral lines which were found on the aged samples only,, and dre not 
found characteristically on new bleached matenal. (II, 4; VI, 13). 
Mechanical damage was seen to increase more rapidly than chemical weaken¬ 
ing m samples from 10 to 25 washings (II, 5, III, 6) Spirals appeared in 
some areas, but cracks, brmses, or small, ragged abrasions were more 
common. The faint background of spirals seen in the control was shll 
visible After 50 washes (III, 7), the fibres demonstrated marked mechamcal 
damage, as well as increased chemical effects, shown by darker spiral lines 
in localized areas. This, however, was not evidenced by all fibres at this 
level, mtense damage was seen m a few fibres, while some others showed 
little more wear than that seen at lower washing levels. Fibres from samples 
washed 100 times showed charactenstic signs of “aU-over" deterioration, 
with many points reveahng severe damage of both types (III, 8). Ragged 
areas of mechamcal rupture were most easily descned, but numerous tiny 
breaks appeared all over the fibres and dark spiral patterns were also visible. 
(Ill, 8; VI, 14). 
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The Congo Red test distinguished no specific effect from outdoor drying 
in these aged samples A few localized spirals which were seen m the samples 
dried outdoors might have been the result of the action of sunlight, but the 
whole appearance of the fibre damage was too involved to allow this con¬ 
clusion to be accepted for one set only. Such observations were not con¬ 
sistent nor definite enough to necessitate reporting the results for the samples 
dried outdoors in 1940 separately from those for the samples dried indoors. 

[b) Fluidity in Cuprammonium Hydroxide 

The fluidity values obtained in 1940 and in 1948 on samples of the series 
laundered in 1940 are shown in Table III These are reported in each case 
as increases in reciprocal poises over the control pieces from the two bolts 
of matenal used The original fluidity values of these controls are given in 
the footnote to Table III. The values obtained in both testings showed 
chemical damage at each level of 10, 25, 50 and 100 washings, and those 
obtained in 1948 were higher than the 1940 results. The flmdity values for 
the senes dried outdoors were again consistently higher than those for the 
senes dned indoors An analysis of vanance of the values obtained in 1940 
and in 1948 pointed to a significant change of fluidity at all washing levels 
An effect of chemical degradation on the cotton cellulose from the eight year 
ageing penod was thus indicated 


Table HI 

Flmdity Increase (Fluidity minus Control) Reciprocal Poises, 1940 Series, 
Laundered in Gyrator Machine, Extracted with Wringer, 


Number of 
Washes 

Dried Outdoors 

Dried Indoors 

1 

1940 Data 

1948 Data 

1940 Data 

1948 Data 

10 

2 1 

3 4 

00 

1 7 

25 

3 5 

5 8 


2 3 

50 

75 

96 

33 

50 

100 

12 0 

16 0 

6 1 

9 8 

Control 

00 

1 2 

Same Control 

Control 1 

00 

08 

Same Control 


Fluidity value of unwashed matenal first bolt 4 6 R P (Samples for Gyrator 
Wnnger Outdoor, x 10 , 25 , 50 , 100 and Gyrator Wringer Indoor X 10 , 25 ) 

Fluidity value second bolt of material 6 8 R P (Samples for Gj^rator Wringer 
Indoor X 50 , 100 ) 

Each value given in Table III is the mean of five fluidity determinations 
(c) Tensile Strength 

The tensile strength results obtained m 1948 and reported in Table IV 
showed a decrease similar to that recorded in 1940 in the sample washed zero 
to 100 times eight years previously The samples dned outdoors exhibited a 
lower tensile strength than those dned indoors, as was found in 1940. 
Statistical analysis of the data demonstrated a significant decrease in the 
values obtained in 1948 from those given in 1940 at all washing levels This 
indicated a lowenng of the tensile strength dunng eight years ageing. 
Examination of Series Laundered 1948 
{a) Co 7 igo Red Test 

The unlaundered control of the senes of cottons laundered m 1948 showed 
the faint spiral pattern charactenstic of chemical weakening from bleaching 
Mechanical damage was slight, and staining was fairly uniform. (I, 3, VI, 15) 
The outline of the fibres was practically unbroken, and the tips and ends 
were not injured After 10 washes (IV, 9) the background of fine spirals 
was still visible. Although the fibre outline was not much altered at this 
level, there was a noticeable increase in mechanical damage, revealed by 
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small, darkly staining ruptures. Some ends showed weakening, but most 
ends and tips were normal By 25 washes many fibres showed increased 
damage, while others were not distinct from those at the lower washing 
level (IV, 10) Dark spiral lines, indicative of chemical tendenng, were 
noticed in localized areas only, and most mechanical damage was slight. 
The ends were both normal and damaged At the 50 wash level, the majority 
of the fibres showed a marked increase m injury (V, ii). The spirals seen 
were less localized, and mechanical damage tended to show in splotches of 
more severe rupture than had been found up to this level Most of the fibre 
ends were tendered, and stained darkly At 100 washes the faint spirals seen 
at lower washing levels were almost obliterated by the darker lines which 
appeared with repeated launderings (V, 12, VI, 16) Areas of intense 
mechanical damage w'ere interspersed with dark spirals, charactenstic of 
chemical damage, and the cuticle was marked with tiny ragged cuts These 
stained to give a less even outline and a general weakened effect which dis¬ 
tinguished fibres from this level The ends for the most part stained darkly 


Table IV 

Tensile Strength In Lb—Grab Method 
Series Laundered 1940 in Gyrator Machine, Extracted with Wringer 


Number 


Dried Outdoors 

Diied Indoors 

of 







1940 Data 

1948 Data 

1940 Data 

1948 Data 

Washes 

10 

WARP 

43 4 

35 8 

44 2 

36 6 

WEFT 

47 4 

43 7 

49 0 

43 1 


WARP 

42 0 

34 8 

43 7 

38 0 

WEFT 

47 2 

38 4 

51 3 

46 7 

50 

WARP 

41 8 

34 7 

43 6 

36 5 

WEFT 

47 3 

38 S 

51 1 

44 0 

100 

WARP 

38 1 

32 0 

46 4 

40 7 

WEFT 

42 0 

3(i 7 

51 8 

45 9 


Each value m Table IV is the aveiage of ten determinations 


(6) Fluidity in Cuprammonium Hydroxide 

The values for fluidity are given m Table V Calculation of the difference 
between means showed no significant change in fluidity from that of the 
control until the 100 wash level, where a chemical weakening was indicated 
by a significant rise in fluidity 

(c) Tensile Strength 

There was a gradual decrease in tensile strength over the 100 washes 
from the values obtained for the unlaunderecl matenal, and this change was 
significant at all levels (Table V ) 


Table V 

Series Laundered 1948 in Automatic Machine 


Numhei of 
Washes 

Fluidity 

Reciprocal 

Poises 

Tensile Strength in lb —Grab Method 

WARP 

WEFT 

0 

5 4 

48 6 

61 5 

10 

b 5 

43 2 

58 6 

25 

b 1 

38 2 

49 2 

50 

65 

40 1 

54 9 

100 

SO 

43 0 

55 4 


Each huidity \alue is the a\erage of fi\e determinations Each tensile strength 
value IS the average of ten deteiminatioiis 
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DISCUSSION 

Eight years ageing of the cotton matenals laundered in 1940 produced 
both mechanical and chemical weakening, this was shown by the significant 
decrease in tensile strength and increase m fluidity values at the 10, 25, 50 
and 100 wash levels m the 1940 samples re-tested m 1948 The increased 
tendenng effected by outdoor drying was still seen in comparison of the 
results of tensile strength and fluidity tests on samples dned outdoors with 
those on samples dried indoors, but no differenbation could be made between 
these sets using the Congo Red test. The progressive deterioration of the 
matenal over 100 launderings which was shown in a gradual lowenng of 
tensile strength and increase in fluidity was reflected in the increasing damage 
seen in the fibres under Congo Red examination. 

Cottons laundered 100 times in an automatic machine (1948 senes) showed 
a decrease in tensile strength at 10, 25, 50 and 100 washes, but an increase 
m fluidity only after 50 washes Fibres stained with Congo Red demon¬ 
strated increasing wear from 0 to 100 washings, mechanical weakening being 
most noticeable,' shown by darkly staining areas of abrasive rupture, bruises 
and cracks Dark spiral lines appeanng as the washings were repeated 
indicated an increasing chemical tendenng effect 

The results of tensile strength and fluidity tests for the senes laundered 
in 1940 cannot be compared with those obtained for the senes laundered in 
1948 The effect of 100 washings as recorded for the gyrator machine with 
wnnger in 1940 was not the same as that for the automatic machine in 1948, 
nor id it differ in any consistent manner * 

The damage to the fibres in these two series as shown by the Congo Red 
test, however, may be compared, if no strict painng is made of samples of 
old and new pieces from any one level of washing The unlaundered controls 
were similar in appearance, that from the 1940 senes showing little of the 
weakening effect of age which was indicated by the tensile strength and 
fluidity changes over the eight yeais storage penod A prevalence of tmy, 
irregular cracks, noted in the samples from the 1940 senes, was not found 
to the same extent in fibres from the senes laundered in 1948 These gave to 
the fibre an uneven outline and a damaged appearance w'hich has been 
referred to as an “all-over'' tendering This difference was much more 
noticeable at higher washing levels than m the controls, it is an effect which 
ivas general for such aged fabncs as have been examined, and may be 
ascnbed to ageing alone It must be remembered that such an observation 
cannot be made a conclusion from laundered matenal in which damage was 
so complex, and where minute comparison with fresh laundered material 
ivas not possible 

CONCLUSIONS 

The Congo Red technique, by revealing rupture of the fibre cuticle, 
indicated the extent of mechanical weakening and the effect of chemical ten¬ 
denng produced by laundering cotton sheeting The wear was most app’arent 
after 50 wash es, when areas showing chemical tendenng were coupled with 

* This difference m washing effect was not merely the result of dissimilar machine 
action A senes duplicating that laundered m the automatic machine and using the 
same material was subjected to 25 launderings m the same gyrator machine used for 
the 1940 study following the same method Test results at 10 and 25 washes indicated 
a lowering of tensile strength but no change in fluidity in this series as well, the effect 
gi\en by laundering in the automatic machine in 1948, but not m the g3rator machine 
m 1940 The divergence in washing effect A\ould therefore seem to be caused b} 
^a^atlon in material, drying methods, or other factors distinct from the introduction of 
a different machine 
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those mechanically damaged. A qualitative relation only was noted between 
the degree of deterioration of the fibre and any specific number of washes. 
The unlaundered controls were characteristic of fabnc bleached but unused, 
while samples from the 50 to 100 wash levels were recognizable by the 
degradation characteristic of many laundenngs 

This test would be valuable m investigation of wear in clothing and 
household textiles to show the types of damage present, and to identify areas 
of special injury. It would not indicate any exact degree of damage sus¬ 
tained, but would give information of considerable interest to the general 
study of wear as it affects the fibres of cotton goods. 

SUMMARY 

Damage sustained by cotton sheeting laundered up to 100 times was 
investigated. Tensile strength and fluidity were determined after 0, 10, 25, 
50 and 100 laundenngs. Differential staining using the Congo Red test 
traced progressive chemical and mechamcal tendering of the fibre cuticle 

Samples laundered in 1940 in a gyrator machine extracted with wnnger 
showed a higher fluidity and a lower tensile strength at all washing levels 
when re-tested in 1948 This tendenng was ascnbed to ageing, as were certain 
uneven cracks visible in the stained fibres from this series Samples dned 
outdoors in 1940 still gave higher fluidity and lower tensile strength values 
in the determinations made in 1948 than those dried indoors No difference 
was visible between outdoor and indoor dried pieces using the Congo Red 
test. 

A similar senes laundered 100 times in an automatic machine m 1948 
demonstrated progressive wear effects Tensile strength was lowered after 
^0* 25, 50 and 100 washes, fluidity values rose only after 50 washes. The 
Congo Red test indicated a gradual increase in mechanical rupture of the 
cuticle, with both chemical and mechanical damage prominent after 50 and 
100 washings. 

Use of the Congo Red test revealed a characteristic appearance in fibres 
from unusued fabric, and from material laundered many times, but no stnct 
relation could be found between the microscopic aspect and specific flmdity 
or tensile strength values Further study employing this technique is sug¬ 
gested to extend knowledge or areas of special injury m worn garments. 
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ILLUSTRATIONS 

Low power magnification {x 100) was used for some of the photoiniciographs in 
order to show a representative variation in the type and degree of damage met at each 
level of wear Areas of interest and significance were photographed using a higher 
magnification (X200) 
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Plate I (i). Plate I ( 2 ) 

Raw Cotton, Stoneville 5 Year Crop 1935 U S D A Raw Cotton Stoneville 26 
(X 200 ) Year Crop (X 200 ) 



Plate I ( 3 ) 

Unlaundered Cotton, 1948 Senes (xioo). 
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Plate 11 (5) 

Cotton laundered lo times m 1940 
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Plate III ( 7 ) 

Cotton laundered 50 times in 1940 ( x loo) 



Plate III ( 8 ). 

Cotton, laundered 100 times in 1940 (xioo) 
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Plate IV ( 9 ) 

Cotton laundered lo times in 1948 
(X 100 ) 



-Plate IV ( 10 ) 

Cotton laundered 25 times in 1948 
(X 100 ) 
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Plate V (12) 

Cotton laundered 100 times m 194S 
(X100) 



—A Study of the Effects of Lai4Jidcitug and Stomge 


T518 




Plate VI (13) 

Unlaundered Cotton, 1940 Series 
(X 200) 



( X 200) 


Senes). 


Top l^late VI (14) 

Cotton laundered 100 times 111 1940 
( X 200) 


Plate VI (16) 

Laundered 100 times in 194S 
(X 200) 
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Letters to the Editor 

[The Institute is not responsible for the opinions of correspondents ] 

To the Editor, Journal of the Textile Institute 

INTERNAL WETTING OF FIBRES AS A FACTOR 
IN DETERGENCY 

It IS generally accepted that efficient detergent action cannot be obtained 
unless there is complete wetting-out of the fabnc by the detergent solution. 
The term “ complete wettmg-out has generally been interpreted as meaning 
the penetration of the solution into the spaces between the yarns of the fabric 
and also into the smaller interstices between the individual fibres of each yarn. 

During the course of an investigation of the contours of very small oil 
drops adhenng to textile fibres immersed in detergent solutions we have 
obtained data which indicate that penetration of the solution into the internal 
micro>capillary regions of individual fibres may also play an important pari 
in detergent action In this preliminary note some typical photo-micraphs 
are given which, we believe, illustrate a factor in the mechanism of deter¬ 
gency which has hitherto received little attention 

EXPERIMENTAL 

The expenmental procedure consisted of mounting horizontally a short 
length (i cm ) of punfied fibre between two vertical supports attached to 
the cover of a small optical glass cell The ends of the fibre were fixed to the 
support by means of paraffin wax, and the fibre was coated with an oil film 
by gently stroking it with a fine glass rod which had been dipped in liquid 
paraffin (“Nujol’') The mounting was then placed in the glass cell con¬ 
taining the detergent solution and set in position on the microscope stage. 
Projection of the fibre to a magnification of approximately 300 diameters for 
continuous observation and photographic purposes was made by the usual 
techmque Most of the oil film was removed from the fibre dunng the 
process of immersion, but a few (10-20) very small and strongly adherent oil 
drops, having diameters of the same order as that of the fibre, remained. 

RESULTS AND DISCUSSION 

Although the original object of the investigation was to examine the 
contours of such oil drops when solutions of different mterfacial tensions were 
used, it soon became apparent that a time factor was involved and this was 
traced to the formation of air bubbles within the oil drops, produced by the 
ejection of air from the internal regions of the fibre at those parts of the fibre 
surface covered by the oil After several hours immersion in the detergent 
solution, the amount of air displaced from inside the fibre into the oil drops 
was in many instances sufficient to increase their buoyanqy to such an extent 
that they could be shaken off by the slightest agitation Many hundreds of 
observations w^ere made using wool, cotton and kapok fibres The effect was 
found to be quite general, although the rate and extent of inflation vaned 
according to the type of fibre and the number of residual oil drops on the 
I cm length 
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I hour 


12 hours 


24 hours 


Fig 2 

in wool fibres in detergent solution (IMagnification X 3 ^®) 
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The examples shown m Figs. 1-4 were all obtained nsmg a solution of an 
alkyl sulphate detergent having an intcrfacial tension of 10 dynes/cm against 
the oil, and a pH value of 6 5 Fig i is given because it shows clearly the 
individual development of air bubbles within the oil The oil drop is here 
much larger than those we are generally considering, and there is little dis¬ 
tortion due to the air The line drawing, Fig. la explains Fig i. 

Another wool fabre with a very much smaller oil drop attached is shown 
in Fig 2 In this instance the amount of air ejected is sufficient to produce 
considerable distortion of the oil drop It may be mentioned here that when 
chlonnated or shiink-proofed wool was used, the same evolution of air 
bubbles was observed, but the rate was very much greater Fig 3 is typical 
of many cotton fibres studied and w^as obtained after 12 hours immersion. 
No further change occurred on prolonged soaking It is of interest to note 
that although both oil drops were onginally the same size, approximately. 





Fig 3 [aboiie) 

Oil drops on cotton fibre m detergent solution after 12 hours 
Fig 4 (helow) 

Oil drops on kapok fibre in detergent solution attei i hour 
(Magnification x 300) 

only a very small air bubble w^as formed within the left-hand drop which is 
seated exactly on a twist ** in the cotton fibre m contrast to the considerable 
inflation of the nght-hand drop which covers a flat portion of the fibre This 
selective behaviour was noted on many occasions 

If a very thin walled fibre such as kapok is used (Fig 4), the penetration 
of the solution into the internal channel and the displacement of air into the 
oil drop can be directly observed In this example eqmlibnum is reached 
within one hour, but the experiments with kapok are difficult to perfonn 
owing to the fragile nature of the fibre 

It IS tentatively suggested that the mechanism of the effect desenbed above’ 
consists of the penetration of w^ater into the fibre at the * ‘ clean'' surface on 
either side of the oil drop and that under the conditions stated, the oil is 
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incapable of penetrating the fibre capillaneb Air locks are thus set up which 
slowlv release their pressure through the only means of escape, namely, the 
oil-covered capillary orifices of the fibre 

In conclusion it may be mentioned that a few experiments have been 
carried out using water only, the general retsult being that for wool fibres 
the rate of air bubble formation is reduced considerably, but that for cotton 
or kapok there is little change 

It is clearly necessary to .examine the effect in more detail, particularly 
with regard to pH and associated swelling of the fibres The data so far 
obtained were thought worthy of record, since it is a practical fact that 
certain types of resistant soil which are not removed from fabncs by normal 
washing processes can be removed by a prolonged soaking process By a 
more refined technique it may also be possible to estimate the internal free 
space of certain textile fibres 

Further work is to be undertaken on this interesting aspect of detergency 
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To the Editor, foutnal of the Textile Institute 

DESOILING PROPERTIES OF CARBOXYMETHYL CELLULOSE 

The ability of bodmm carbox}.methyl cellulose (CMC) to reduce deposition 
of soil from detergent solutions has been fairly conclusively established * ■ 
However, Nieuwenhuis (private communication) expressed the view that 
CMC might additionally possess definite decoding properties, and certain 
results obtained in these laboratories were similarly suggestive of such an 
effect Ab, m these results, it wab difficult to differentiate unequivocally 
between the known suspending power of CMC and its pos-^iblc desoiling 
power, a special investigation vvas carried out 

Using the chopped fibre technique*' i 5 gin samplob of cotton containing 
I per cent colloidal graphite and 6 per cent Nujol were washed for 20 
minutes at 60'' C m 300 ml of a solution (A) of o i per cent Lissapol N 
and 0 I per cent sodium metasilicate, and in a siimiar sukilion (P) "contain¬ 
ing in addition 0 05 per cent Tylose HBR {German CMC;. After the usual 
nnses, mounts were prepared as described " Further i 5 gm samples of the 
cotton were washed in solution (A) as above and then given two 3-minute 
nnses at 60*^ C in 300 ml vvatei These washed and nnsed hbrob were then 
immediately re-washed in various solution? a> follows — 
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(C) distilled water 

(Dj 0*1 per cent sodium metasilicate 

(E) o 05 per cent. Xylose HER 

(F) o I per cent sodium metasilicate + o 05 pei cent Xylose HER 

(G) o I per cent Lissapol N + o 05 per cent Xylose HER 

(H) fresh solution (A) 

(I) fresh solution (B) 

Xhese re-washes were followed by the standard nnsing and mounting pro¬ 
cedure. Xwo replications were made. 

Xhe results, expressed as percentage reflectance in terms of unsoiled 
chopped fibres®’® are given in Xable I A simple vanance analysis showed a 
highly significant difference between columns**' (F = 66 6 for df ni=8, 
no =9 P<o ooil Xhe standard error of the means and the minimum 
difference required for sigmficance at the P = o 05 level were obtained by 
using the “within columns ** mean square as an estimate of error 


Table I 



A 

B 

C 

D 

E 

F 

G 

H 

I 


57*0 

72 8 

56 2 

54 3 

56 8 

54 0 

77 1 

68 7 

! 78-5 


69 1 

75 3 

62 8 

57 6 

57*9 

56 5 

76 7 

72 6 

1 784 

Mean 

68 0 

74-0 

54*5 

55 9 

57 3 

55 2 

76 9 


1 78 4 


S E. of each mean - 1 2 

Minimum difierence for significance (P = 0 06) 4 0 


Xhe mean value for A represents the limiting result for a single wash m 
this solution and it is seen that re-washmg in solutions C-F had no significant 
effect Xhe improved result for B as compared with A was interpreted as 
being predominantly a typical CMC effect of reducing redeposition, for the 
following reason From previous work iix these laboratories the relationship 
between the soil content of the fibres and their reflectance was known with 
fair accuracy It was thus possible to calculate that the amount of removed 
soil present in solution A during the single wash was of the order 14 mg 
(per 300 ml). Separate experiments using unsoiled fibres showed that 
redeposition of about 0 5 mg soil could occur from such a suspension, and 
this, within the limits of error, accounted for the 16 per cent difference in 
reflectance between the mean values for A and B 

By re-washmg in solutions G, H, or I more soil was removed, and it is 
noted that solutions G and I, each containing CMC gave results significantly 
better than H Xhese results, ^s they stand, do not establish unambiguously 
the soil removal powers of CMC, for a non-redeposition effect (as for A w B) 
is still a possible alternative explanation. But there was a very important 
difference between the A B and the G and I y H conditions, inasmuch as 
the concentrations of soil in suspension and available for redeposition were 
greatly dissimilar Re-washing in solutions G or I removed not more than a 
further 0 6 mg soil, which, of course, passed into suspension in a fresh 
liquor. Separate experiments showed that no measurable deposition on to 
unsoiled fibres took place from a suspension of 0 6 mg soil in such a liquor, 
% e 300 ml of solution A An explanation of the differences between G and 
I compared with H in terms of redeposition would have required the deposi¬ 
tion of about 0 25 mg of soil, and the resulting 8 per cent reduction in 
reflectance should have been detectable Redeposition from such weak 
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suspensions would m any event be unlikely from considerations of mass 
action, for whereas in solution A about 3*5 per cent of the total soil was 
redeposited, the G, H, and I differences on the redeposition explanation would 
have required the deposition of 40 per cent, of the soil contained in a sus¬ 
pension 20 tunes more dilute. 

It may be pointed out that the improved result for G, as compared with 
H, cannot be explamed as a sodium ion or “ buildereffect on the detergent, 
for although Tylose HBR, in addition to being a sodium compound, con¬ 
tains sodium chloride and carbonate as impurities, the Na' ion concentration 
due to this substance in G did not exceed o 0035 N, whereas in H the 
corresponding concentration produced by the metasilicate was 0*0094 N, and 
yet H was significantly inferior to G. 

It seems therefore that CMC enhances the desoilmg power of the particular 
non-ionic detergent used, although it does not itself possess soil removal 
properties and does not appear to function as a simple builder"* The 
effect is admittedly small, but on the other hand the removal of the last traces 
of soil is of considerable importance in practical applications of detergency. 
The mechanism is at present unknown, and further investigation, particularly 
vvith other types of synthetic detergents, is desirable It is possible that some 
kind of exchange reaction, as in McBain's equation^ may be involved. Thus, 
initially, CMC may be adsorbed to form a fabnc-soil-CMC complex, which 
is subsequently split at the first linkage by the detergent, yielding fabric- 
detergent and soil-CMC-detergent complexes. 

The author wishes to thank the Director of Research for his valuable 
advice and criticism and the Council of the British Launderers’ Research 
Association for permission to publish this note 
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To the Editor, Journal of the Textile Institute, 

A Suggested Method of Testing Woven Fabrics for Measurement 
of Resistance to Slippage of Warp Threads over the Weft, 
or Weft over the Warp 

Owing to an enquiry which I have recently received regarding seam 
slippage in a garment made from a rayon warp satin fabric, I have been 
interested in the proposed method of test communicated by a letter in the 
April issue of the Journal 

Since slippage is a property of the fabric itself it is evidently correct 
that this property should be tested on the fabric itself, by measurement of 
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the force required to cause the shppage of one set of threads over the other 
set, without introducing any question of seanung. In stating this principle 
the* anther of the letter has realised the essentials of the test and has freed it 
from the unnecessary complications of seaming. 

In T^gg<«igiTig the liability of a fabric to slip, a good estimation may be 
matlp. manually, by usmg the finger and thumb in dragging one set of 
threads over the other. A test method which reproduces this effect under 
mechanically controlled conditions, and gives a numerical result which 
measures the force of drag, is therefore the best criterion. 

The method suggested in the letter appears to fulfil all requirements, 
hffing sound in prinaple and simple m practice, and in my opmion it imght 
be developed into a standard test for fabric slippage. 

J. Lomax. 

City of Nottingham Texble Testing Bureau, 
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INTRODUCTION 

For many years Egyptian cotton has held a high reputation among 
spinners, especially by virtue of its excellent quality which enables it to be 
spun mto strong, fine regular yams. Egypt is, of course, the largest pro¬ 
ducer of this style of cotton and the growth and characteristics of the 
Egyptian crop have been descnbed in the second of this series of papers. 
Al^ough Egypt is by far the largest exporter of Egyptian-type cotton, in 
the past fifteen years the Anglo-Egyptian Sudan has also firmly established 
itself in this market. It is therefore appropriate to devote the third paper in 
this senes* to an account of the cotton crops of the Sudan, 

Cotton appears to have been grown in some parts of the Sudan for local 
consumption for at least 2,000 years, but only in comparatively recent times 
has the crop been produced for commerce. Between 1911 and 1920 the 
annual exports of Sudan cotton were usually between 15,000 and 20,000 
bales t In 1923 the crop had risen to about 28,000 bales and, following the 
extension of the irrigation system, to 122,000 in 1926. 

Immediately previous to the outbreak of war, the total Egyptian crop 
averaged about 2,000,000 bales and the production of Egyptian cotton in 
the Sudan had risen to about 250,000 bales. These figures do not wholly 
illustrate the relative importance of the two crops. In the 1938/39 season 
Egypt produced some 190,000 bales of long-staple Egyptian cotton (Malaki, 
Sake], Sakha 4 and Maarad), 540,000 bales of medium-staple Egyptian 
(mainly Giza 7) and 1,300,000 bales of the “ bread-and-butter Ashmouni/ 

* I^art I, " The^est Indies " appeared in Shtrley Xnst Mem , 1945, 19, 315 and 
J Text Inst , 1946, 37, T151 , and Part 2, " Egypt/* in Shtrley Inst Menu, 1946 
20, 21 and J Text Inst , 1947, 38, T167. 

t As in the previous papers m this senes, production figures refer to the * statistical 
twle of 400 lb, and not to the size of the normal * running* bale. Gezira and Gash bales 
average about 430 lb gross, Tokax ginned at Suakm about 600 lb and at Port Sudan 
430 lb, Zeidab usually 440-450 lb., and ram-grown American Seed NM 220-285 lb„ 
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Zagora crop. In the same season the production of Eg)^tian cotton in the 
Sudan, all of Sakel type, amounted to about 265,000 bales. Thus more long- 
staple Egyptian cotton was grown in the Sudan than m Egypt itself. 

. During the war, however, the position radically altered. The 3ize of the 
Egyptian crop declined because of restrictions upon, and greatly reduced 
demands for, the"Ashmouni/Zagora cotton. This change was accompanied 
by an expansion m the production of high-quality long-staple cotton. The 
new Kamak variety was introduced and its cultivation rapidly spread from 
1939/40 onwards. By 1943/44 the production of fine long-staple Egyptian 
cotton had risen to about 500,000 bales, compared with about 300,000 bales 
of Sudan Sakel The demands for Egyptian cotton have now changed some¬ 
what* the need for long-staple cotton is smaller and there is an increased 
demand for the medium- and short-staple types When conditions return 
more closely to normal it remains to be seen whether the demand for Kamak 
declines, whether Egypt will again concentrate upon a large crop of medium- 
staple cotton and the Sudan will again take first place as the largest supplier 
of Egyptian-type long-staple cotton. 

The Sudan also produces Amencan-type cotton, although on a smaller 
scale than Egyptian Immediately pnor to the war, the crop amounted to 
about 10,000 bales of Irrigated Sudan Amencan and about 30,000 bales of 
Rain-grown Sudan American, During the later stages of the war the pro¬ 
duction of Amencan cotton was greatly curtailed and is still low. The 
irrigated crop is now only about one-third of the pre-war quantity. The 
tain-grown crop of Kordofan Province remained low for the first three post¬ 
war seasons In the 1948/49 season, however, there was a marked increase 
in production and the crop was treble that of the previous season There are 
good prospects that this area will soon pass its previous peak 
“ The object of this series of papers is to provide a general but compre¬ 
hensive account of cotton and its growth m the different areas of the world. 
Consequently, this paper gives not only a full descnption of the commercial 
Sudan Sakel and Sudan Amencan crops, but also provides many details of 
other strains as yet in the expenmental stages of development in the Sudan. 
Information regarding the former cottons is mainly of use to the spinner: the 
latter cottons are more particularly of interest to breeders and growers m 
the Sudan and also in countries where changes m seed supply are being 
considered. The expenmental strains are also the concern of the spinner 
because he is ultimately affected by the course of current development It 
is from this matenal that ultimately will emerge the nucleus stocks for the 
bulk propagation of future commercial crops. Details of agncultural con¬ 
ditions, incidence of disease and insect pests, etc , are given in order to 
develop a background of knowledge for the appreciation of present difficul¬ 
ties and problems, and to understand why workers in the Sudan are directing 
research along particular channels 

To maintam the general descriptive nature of this series of papers, it was 
decided that it would be inadvisable to provide specific references to the 
source of each fact and feature mentioned. It would be extremely difficult 
to segregate satisfactorily much of the detailed information obtained from 
published papers and reports, from that gamed through many valuable 
discussions with various persons of long experience in the Sudan, and from 
personal experience gamed at the Shirley Institute It is hoped that the 
general references given in the text will be adequate to indicate where, and 
by whom, the major portions of the work have been conducted Neverthe¬ 
less, it is desired to draw especial attention to the acknowledgements at the 
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end of this paper, to the various orgamsations and individuals diirectly 
responsible for much- of the current research and crop development m the 
Sudan, and but for whose help this paper would lose much of its value. 



I. ECONOMIC GEOGRAPHY 

The total area of the Sudan is about one million square miles, more than 
h^f the area of India. It extends from the southern limits of Egypt to the 
borders of the Belgian Congo and Uganda, and is bounded by French 
Equatonal Afnca in the west and in the east by the Red Sea, Entrea and 
Abyssima. At one time the population of the Sudan is estimated to have 
been about 10 millions, but wars and devastations at the time of the Mahdi 
and the Khalifa reduced this figure to 2 imllions With the Settled admini¬ 
stration in the present century the population has rapidly increased and now 
exceeds 6 millions. 

Sakel cotton is grown in three main areas of which the most important is 
the Gezira, a triangular-shaped plain bounded on the west by the White Nile, 
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and on the east by the Blue Nile. (See map.) The apex of the triangle is at 
Khartoum, the junction of the two Niles, and the railway line from Sennar to 
Kosti forms the southern base. Here the cotton crop is grown under perennial 
irrigation, mainly from the barrage across the Blue Nile at Sennar, but m 
some places from pumps drawing water from the White Nile. The Gash and 
Tokar regions, respectively east and north-east of the Gezira, are watered by 
flood irrigation from annual risings of seasonal rivers. 

The main crop of American cotton is grown under rainfall conditions in 
the Nuba Mountains in Kordofan Province. Near the south-eastern limits of 
Kordofan is a recently developed small flood irrigation project of Abu Habl, 
which has proved valuable for raising stocks of multiplication seed, because 
it IS isolated from the other cotton areas of this region. Another, but much 
smaller, rain-grown American crop comes from Equatona, in the extreme 
south of the country, whilst rain-grown cotton was raised until a few years 
ago in the Upper Nile Province. There are also a number of pump schemes 
in the Northern Province on which crops are grown under irrigated con¬ 
ditions, but on only one of these is cotton now produced in quantity 

{ a ) Sudan Sakel Areas. 

(i) The Gezira 

The Gezira plain covers about 5 million feddans* and is extremely flat, 
mainly between 1,240 and 1,300 feet above sea level. A low ndge of ground 
runs roughly north and south, somewhat to the eastern side of the centre. 
This ridge determines the limits to which it is possible to extend gravity-flow 
irrigation. The soil is a heavy brownish type of clay, very impervious to 
water, rather salty and alkaline, and having a low content of nitrogen and 
orgamc matter 

The short summer rams occur mainly in July and August. The rainfall 
is heaviest in the south, amounting to about 17 inches at Sennar, and becomes 
smaller in a northerly direction until at Khartoum it averages only 6 inches 
per annum. Although only small the rains permit the growth of grasses 
and dura (millet). Then follows a long period without growth and the land 
is virtually featureless. The soil dries up and this results m marked shrinking 
and widespread deep cracking. These cracks may go down as much as five 
or six feet in a single season. Fmer cracks branch off from the major 
fissures and permeate the whole mass of the soil. The result of alternate 
shrinkage and expansion is that the soil breaks up into dust and small par¬ 
ticles. Wmd and casual ram result in much of the finer parts of the broken- 
up soil being swept down the cracks with the result that the top two feet of 
earth undergoes light natural tillage. Only a minimum of cultivation is 
usually necessary to obtain a good tilth on this heavy soil. 

Proposals for growing cotton in the Sudan by perennial irrigation date 
back to 1904 when an American, Leigh Hunt, visited the country and 
obtained a concession at Zeidab, some 180 miles north of Khartoum. The 
‘‘Sudan Experimental Plantations Syndicate*' was formed in London to 
develop this concession. Negroes were introduced from America to work on 
the scheme. No success attended these initial tnals and the negroes had to 
be taken back to America. In 1906 the syndicate was reorganised as the 
“ Sudan Plantations Syndicate The total size of the concession amounted 
to about 10,000 feddans, and the first crop produced under the direction of 
the new Sjmdicate was raised on 100 feddans in 1906. This crop was grown 
under imgation, by pumping water up from the level of the Nile, and gave a 
satisfactory yield. 

♦i feddan = i‘04 acres. 
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Meanwhile, economic development of the Sudan was being pushed for¬ 
ward. The railway from the north was extended southwards from Khartoum 
and had reached Wad Medani on the Blue Nile by 1910 Serious considera¬ 
tion was then given to the feasabihty of growing large crops of cotton m the 
Gezira, espeaally according to established Egyptian methods. 

In 1910 agreement was reached between the Sudan Plantations Syndicate 
and the Sudan Government, whereby a further concession was granted, this 
time at Ta3dba, on the Blue Nile a few miles north of Wad Medani. Here a 
pump station was built and 3,000 feddans brought under irrigation. In 
1913 a second pump scheme was started and an area of about 6,000 feddans 
developed at Barakat, just south of Wad Medani. 

By 1914# experience at Tayiba had shown that cotton could be success¬ 
fully grown under irrigation in this area, and the Barakat scheme was 
extended. The Government began to formulate plans to erect a dam near 
Sennar, to draw off water from the Blue Nile and use it to irrigate an area 
covering 300,000 feddans, of which each year one-third would be 
cotton. 

The Egyptian cotton crop is planted from about the middle of February 
to the end of April. Results obtained at the experimental station neai 
Khartoum showed that in this region the most favourable months for cotton 
sowing are July and August. Since Eg37pt's water requirements are more 
than fully met by the Nile flow from July to December, it was clearly prac¬ 
ticable for the Sudan to make use of surplus water and grow cotton as a 
wmter crop without causmg any serious repercussions 

The 1914-1918 war postponed the bmlding of the Sennar dam, but the 
scheme was re-considered immediately afterwards. As a start, large pumping 
stations were estabhshed at various places along the Blue Nile, at Hag 
Abdullah in 1921 and at Wad-el-Nau m 1923. The inauguration of these 
pump stations enabled a start to be made in the preparation of land and m 
tile training of the native population in the methods of agriculture. Valuable 
general expenence was gained before the whole scheme came into operation. 

The Sennar Dam was finished m 1925, at Makwar, a few miles south of 
Sennar, where the rocky bed of the Nile provides a firm foundation. The 
Sennar Dam acts partly as a reservoir, to store water for use in the penod of 
low Nile, and partly as a barrage to raise the level of the nver to a height 
such that a mam canal will take off water to irrigate the area by gravity 
flow. The first crop of cotton was sown in this year on 80,000 feddans out 
of the total of 300,000 available for imgation. 

In subsequent years more land was steadily brought under irrigation and 
now the whole scheme covers about 900,000 feddans, more than 200,000 of 
which are under cotton each year. This area runs in a strip along the 
western side of the Blue Nile for roughly 120 miles, measuring about 40 
miles wide m the centre and narrowing at each end to about 6 miles. 

So far the scheme has been operated under a tripartite profit-sharing 
partnership. The Government was responsible for the bmlding of the dam, 
the construction of the major canals and for providing the water. The 
Sudan Plantations Syndicate constructed the minor canal system, leading 
off from the main canal and its branches, and is responsible for carrying out 
the first ploughings, supervision of the cultivation of the crop, purchasing 
the seed cotton from the cultivator, ginning, storing and marketing. The 
native growers are allotted tenancies of 40 feddans, of which 10 are placed 
under cotton each year. They are responsible for ndging of the land after 
ploughing, and for sowing, cultivation, picking, etc. 
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After ginning^ and marketing costs have been met, the proceeds of the 
crop are divided between the three parties. The Government take 40 per 
cent, of the money to cover interest on the capital outlay of the undertaking 
and to add to the revenues of the Sudan, the cultivator also receives 40 per 
cent, and the Syndicate ao per cent. When the Kassala Cotton Company 
(see later) gave up its concession in the Gash area it received in return a 
concession on one of the extensions of the Gezira Scheme, on the extreme 
'western side of the centre. For convenience in supplying irrigation water the 
land under cultivation is divided into 39 blocks, varying in size according to 
the nature of the land. Most of the blodcs cover from about 20,000 to 30,000 
feddans each. The Sudan Plantations S3mdicate controls 33 blocks and the 
Kassala Cotton Company 6 blocks 

The northern blocks grow the Domains Sakel strain of cotton, and the 
southern blocks grow the X 1730A strain, known commercially as the ‘‘S** 
and types, respectively. In the centre some blocks grow Domains 
Sakel and others grow X 1730A- 

The joint concession is due to terminate in 1950 and the present intention 
of the Government is that it shall take over the functions of these two com- 
pames and run the whole scheme, possibly" under the direction of some form 
of Control Board. 

There is a second dam m the Gezira area, at Jebel Aulia on the White 
Nile, some 30 miles from Khartoum. The purpose of this dam is not to 
irrigate areas m the Sudan, but to store and control water for Eg57pt The 
building of this dam caused many holdings upstream to be inundated and 
the Sudan Government inaugurated the White Nile Alternative Livelihood 
Schemes to cater for the displaced cultivators. The most important of these 
recently estabhshed areas is that of Abdel Magid, m the centre of the northern 
part of the Gezira and connected to the Gezira irngation system Fatisa, 
Hashaba, TJm Gerr and Wad Nimr are pump stations on the White Nile 
forming part of the Alternative Livelihood Scheme Normally Abdel Magid 
grows about 10,000 feddans of cotton, and about 6,000 feddans are raised 
in the other areas. 

There are other, and older, White Nile pump stations which irrigate about 
12,000 feddans of cotton each year. Most of these schemes are pnvately 
owned and the largest of them belongs to the Mahdi, This estate lies on Aba 
Island, north of Kosti where the White Nile branches for about 25 miles 
down stream. Ed Dueim is another but much smaller station situated still 
further north 

In order to grow cotton under perennial irrigation it is necessary to carry 
out much more preparation of the land than is the case with annual flood 
irrigation, as m the Tokar and Gash areas descnbed below. An extensive 
system of imnor canals has to be laid out and the ground ploughed and fur¬ 
rowed. Cultivation is earned out by diesel engines drawing ploughs by 
cable tackle, although some ploughing is also done by bull-drawn ploughs. 
Payments are made to the native tenants for any labour supplied in plough¬ 
ing, but not for the ndgmg of the land Sowing vanes a little in different 
years but generally begins about August loth in the northern part of the 
Gezira and continues until the end of the month. In the centre and south 
sowing hs about five days later and may extend into early September. The 
crop usually receives three weedings, carried out with ordinary native hoes 
or, in some cases, by bull-drawn hoes. About fifteen watenngs are made in 
the course of the season, the exact number varying from 12 to 18 according 
to the prevailmg conditions. At each watering the fields are virtually 
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flooded, only the tops of the ndges being above the surface. Broadly 
speaking, during the cycle of watering operations, the cotton plant may be 
said to spend one-third of its tme in an almost drowned condition, one-third 
m good growing conditions and the remaining third in very parched soil. 

When the Gezira Scheme was first started the land was cultivated on a 
three-year rotation, a cotton crop, followed by a food or fodder crop and then 
a fallow year. As a result of co-operative experiments conducted by the 
Gezira Research Farm of the Department of Agnculture and by the Syndicate 
it was found that better results could be obtamed by an- eightyear rotation 
which includes two cotton, one fodder, and one food crops with the ground 
under fallow for the remainder of the time. The principal food crop is dura 
(sorghum millet) which forms the staple diet of the population, whilst lubia 
IS a widely-grown fodder for the feeding of animal stocks. 

Land under fallow is allowed to grow annual weeds for the grazing of 
animals, mainly sheep and goats. During the heat of the summer the weeds 
on fallow land shnvel up and are easily buried by ploughing. In this respect 
the Gezira fallow differs from the cleaning fallow practice of many countries. 
Agricultural expenments at present being earned out in the Gezira suggest 
that beneficial results to cotton may result from fallow-weeding. 

The first pickings are usually in full progress by mid-January. The crop 
does not mature in a quick rush as in Egypt, where most of the cotton is 
obtained in two mam pickings and possibly a third smaller one In the 
Gezira up to eight or even ten pickings may be made, several days apart and 
extending up to mid-April Compulsory uprooting of the crop starts on 
May ist to provide a close season for purposes of pest control 

(u) The Gash (Kassala) 

The second most important cotton-growing region in the Sudan is that 
near Kassala, m the province of the same name. Here cotton is produced m 
the delta of the Gash River, which rises in the foothills of Abyssima. The 
river flows through Eritrea and drains a long tract of mountainous country 
having a heavy but spasmodic rainfall Consequently the flow of the nver 
is very vanable Normally the Gash nses m flood about the end of June or 
early July and runs for about 100 days During this penod there are usually 
numerous spates and the flood waters are effective for about 55 to 60 days. 
The river spreads out over the delta that it has laid down over a tract extend- 
mg more than fifty imles north of Kassala, and is eventually lost in the desert 
sands. 

Most of the land capable of being cultivated lies to the west of the mam 
nver, but m the south a smaller portion is situated on the east bank The 
flood waters of the Gash are now largely controlled by a system of mam 
canals which follow the contours of the land and generally run west and east. 
Smaller canals or mtsgas, running from south to north, branch off the mam 
canals and carry the flood waters over the whole area The delta is divided 
into 224 hods, each of 4,000 feddans, and each hod is divided mto 400 gittas 
of 10 feddans for the purpose of watenng 

The rainfall usually vanes from about 10 to 16 inches per annum, 
beginning in July and ceasing in October Since the rains coincide with the 
floods, the precipitation ceases at an early stage of plant development and 
mainly adds to the amount of sub-soil moisture, upon which the cotton plant 
is dependent in this region. 

In the delta there are two main types of soil. That known as bardob is 
a heavy cotton soil, an alluvium of nch black clay. The .second- type ’is 
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known as libad and is a light alluvial silt brought down by the flood. The 
fine hbad soil never cracks as does the heavier bardob. 

The Gash crop does not receive, nor need, a large amount of cultivation. 
The area to be sown is first cleared of heavy growth and the mter-misga 
banks are raised for controlling the flood waters. The whole of the area 15 
not flooded simultaneously, nor is all the land under water for the same 
length of time. About half of the land intended for cotton is watered for up 
to 30 days, the lighter libad soils for 7 to 15 days and the heavier bardob for 
15 to 30 days. For the next 25 to 30 days the second part of the land then 
receives water. 

The magnitude of the flood vanes from year to year and consequently it 
is not possible to mamtam a constant area under cultivation. Moreover, 
vanations m level of the land make it impossible for all areas to be evenly 
watered. Only well-watered areas can be relied upon to give good yields: 
the marginal areas are usually placed under dura, a gram crop which demands 
less water than cotton to give an economic yield Of the total area of 896,000 
feddans, much is unsuitable and never cultivated, other parts are resting or 
under dura, and in recent years the effective area under cotton has averaged 
about 30,000 feddans 

About three days after watering ceases, the highly absorbent soil is usually 
dry enough for sowing. Sowing, which takes place from mid-August to early 
September, is done on the flat and a stick is used to lift the surface soil. The 
rows are about 3 feet wide and the plants are about 3 feet apart along the 
rows. This spacmg is wider than that m the Gezira because cotton grown in 
the Gash usually makes stronger growth and is of more open habit. 

As m the Gezira, two mam varieties of cotton are grown, the Domains 
Sakel and X 1730A strains of Sudan Sakel. In recent years these two cottons 
have been grown on about equal areas. Especially due north and south of 
the central tract, X 1730A is often sown on land given the first watering and 
Domains Sakel on land given the second watenng. It has been stated that 
the later plantmg of the Domains Sakel reduces risk of infection by leaf curl. 
Over most of the remainder of the area the land, when under cotton, is 
frequently planted alternately with Domains Sakel and X 1730A This 
practice arose because it was thought that the spaang out of crops of 
Domains Sakel would further reduce the risk of this susceptible variety bemg 
infected by leaf curl. South of Kassala, the small area on the east side of 
the Gash nver generally grows only the X 1730A strain 

Cotton m the Gash suffers from the same pests and diseases as that in the 
Gezira. Thrips, leaf curl and asal (a stickiness of leaf caused by aphis) may 
be severe, and in some seasons pink bollworm results in heavy crop loss. 
Locusts are always a menace, but are generally kept under control by excep¬ 
tionally keen and widespread preventive measures. The Gash region is 
relatively free from blackarm disease, and for many years has been used as 
a filter propagation area for bulking up seed for the planting of the mam 
Gezua crop. This aspect is described in detail in the later section on Seed 
Maintenance and Multiphcation. 

Much of the development of the Gash delta was originally undertaken by 
the Kassala Cotton Company which received a concession from the Sudan 
Government and ran the scheme with the native tenants on a profit-shanng 
basis. Later, the Kassala Cotton Company, which is now closely allied to 
the Sudan Plantations Sjmdicate, gave up the concession in the Gash, and 
in return received a new concession in an extension of the Gezira scheme 
The Gash scheme is now admimstered by the Gash Board, the directors of 
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which include the Director of Agnculture, the Governor of Kassala Province 
and other government officials. 

The land is apportioned out among the tenants each year according to 
the magnitude and spread of the annual flood. Officers of the Department 
of Agriculture organise the flood irrigation, control the distribution of planting 
seed and ensure that the cotton is effectively cultivated Picking may begin 
in December and possibly continue as late as early May. The seed cotton is 
brought to rail centres for weighing, where the sacks are stacked in lots, 
according to variety, and advances are paid to the tenants. The Govern¬ 
ment pays a flat rate for all grades and varieties. This is considered prefer¬ 
able to the making of differential payments because the land is not uniform 
and some gittas would give poor yields, or low proportions of high grade, 
despite the most careful cultivation. Later the seed cotton is sent by rail 
to Port Sudan where it is first graded and then gmned. After the crop has 
been sold, further payments are made by the Government according to the 
profit realised on the crop. 

(iii) Tokar 

Tokar is the third mam Sakel producing area in the Sudan and is situated 
some 100 miles south-east of Port Sudan. In this region the River Baraka 
has laid down a delta over an area of about 400,000 feddans The river 
rises annually in flood and rushes down from the mountainous region of 
Entrea. When the flatter plain of the Sudan is reached, the flow slackens 
and large amounts of silt are deposited. The southern end of the delta is 
largely composed of sandy soil, the heavier component of the silt. Else¬ 
where the soil consists of the fighter and finer silt, which remains in suspen¬ 
sion longer, deposited upon underlying gravel or sand. Near to the coast the 
land may be so heavily impregnated with salt that cultivation is imprac- 
ficable, although even this land may improve and grow good crops if it 
receives the leaching action of several successive floods and the accompany¬ 
ing deposition of new silt Good land is found in patches around the fringe 
of the delta where layers of silt frequently alternate with layers of sand, or 
where the silt is covered by the drifting sand In such places cultivation is 
only possible on occasions of high floods. The area under cotton usually 
amounts to about 40,000 acres. 

The flood waters normally arrive in mid-July and continue until mid- 
September, The volume of water is not constant and the river may dry up 
between flushes. The rains (averaging six inches per annum) fall later m 
the year, but nevertheless it is mainly upon the sub-soil moisture from the 
floods that the cotton plant is dependent. 

The seed, all X 1730A cotton, is sent annually from the Gash. Planting 
times are irregular and are determined by the mcidence and duration of the 
flood. Sowing IS earned out immediately the land becomes sufficiently dry 
This may be as early as the middle of August or as late as the end of Sep¬ 
tember. Planting times vary over the Tokar area more than in the Gash 
region because the floods are more variable and less easily controlled. Further¬ 
more, late and unexpected flushes of the river may wash away newly planted 
cotton and necessitate re-sowmg. The spacing of the plants is irregular: 
land beanng heavy weed growth or which has been only lightly flooded is 
planted much closer than clean, heavily watered areas. 

Holes are made in the soil with sowing sticks, and the seeds are planted 
beneath the newly deposited and sterile silt. About a month later the plants 
are thinned and the weed growth may be cleaned up. On very dirty land 
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this cleaning may consist of only the removal of the weeds in a circle around 
each plant, just sufficient to prevent choking. Picking may begin in early 
December and continue until late May or early June, and the seed cotton is 
sold over a long period. 

{b) Sudan American Areas 

(i) Kordofan (Nnba Mouiitains) 

The Nuba Mountains cover most of the Eastern and Western Jebels, two 
of the SIX political divisions of Kordofan Province. The area is from about 
one and a half to three thousand feet high and is composed of groups of 
granitic hills or jebels which nsh up sharply from a more or less level plain. 
The hills are either of bare rock or are covered with a shallow layer of 
reddish-brown soil supporting short grasses and a thm growth of scrub. The 
soil on the fiat land at the foot of the jebels is deeper, more dismtegrated and 
darker. On the plains between the jebels the soils contain increasing amounts 
of clay and are of a greyer colour, but m many places there are sandy tracts 
formed gradually by continued deposition of matenal from the ever-changing 
seasonal streams and nvers. 

The lower slopes of the jebels were formerly cultivated by the Nubas, 
who made a frequent practice of constructing low terraces along the contours 
of the hillsides to prevent soil erosion. These terraces remain in many places 
and some are still used for raising early crops of gram. The people live 
mainly on the lower hill slopes and in the valleys encompassed by hills. It is 
in such places that water is most plentiful and where pools, or shallow pits 
or wells, provide a supply throughout the year. 

Agriculture now tends to be sited on the flatter lands, especially on the 
browner and moderately heavy clayish tracts of cotton soil, but the villages 
are still in or close to the hills Further away from the jebels, the heavier 
and greyer clays are often suitable for crops, but lack of permanent water 
supplies at present would prevent the harvesting of any crops grown in many 
such places. 

The rainfall in the Nuba mountains vanes from an annual average of 
about 24 inches m the north to about 32 inches in the south, and is qiide 
sufficient to support a much larger population The ramy season is vveli 
defined, usually lasting from June to October Much of the ram falls m 
heavy thunderstorms, accompanied by strong winds, and this combination 
favours senous soil erosion. December, January and February are^ generally 
cool and dry, and April and May are usually the hottest months 

Agricultural practices in the Nuba Mountains are generally primitive 
Ploughmg is never practised by the natives but the soil is loosened with the 
aid of an iron hoe or wooden pole flattened at one end Sowing is made m 
July and August and later the young plants are thinned and a hoe is used for 
cleaning up the weeds With the exception of Government farms, there is 
little planned rotation of crops. Cotton growing in the Nuba Mountains has 
been actively encouraged since 1924, although reports make mention of 
earlier tnals. At first cotton was usually grown on the same land for several 
years in succession until the soil became exhausted The ground was then 
allowed to revert to bush and the cultivator moved to another site, cleared it 
and again grew successive crops This practice of continuous cropping was 
also often followed for dura, the staple gram of the country, although in 
some places the cultivator might grow cotton for one year and dura another, 
according to personal whim. The picking of the crop may extend from 
November to January, according to the date of sowing. 
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A new practice known as ''harig cultivation" has been spreading 
extensively in recent years and appears as if it will become common practice. 
Harig grasses are fairly tall types which grow strongly in abundance on the 
fertile plains of cotton soil. Following the first rams of the season the new 
grass and weeds immediately begin to grow Shortly afterwards the dry 
grass of the previous season is set alight. This old harig grass covers the 
ground in a dense mat, bums very strongly and so destroys the new growth 
and weeds. The ground is then roughly prepared and the cotton seed is 
sown, germination taking place following the arrival of the next rains. Two 
successive crops of cotton (or of dura) are usually grown and then the land 
is allowed to revert to hang grasses. The period under hang grass is usually 
two years, less frequently is it one or three. There is as yet no fixed practice 
and m some places there may be a first year of cotton and a second year of 
dura before the land reverts to harig grass 

Compared with the older practice of continuous cropping this harig cul¬ 
tivation has the advantage that the strong growth of grass and the short 
period of cropping effectively help m preventing soil erosion, always a danger 
in lands where a moderate or heavy rainfall occurs dunng a short season in 
the year. Furthermore, cleanmg of the crop is easier because many weeds 
have been killed off by the burning and many insect pests axe reduced. 

Many parts of India, with a rainfall lower than that in the Nuba Moun¬ 
tains, support large populations because of adequate control of their limited 
water supplies In Kordofan also, much use could be made of the flood 
waters of the many seasonal nvers which at present run to waste by petering 
out into the desert. In a number of places it would be possible to divert 
the water by a small controlled barrage and by means of canals allow it to 
flood evenly over large areas of good land. This " basin " type of irrigation 
would greatly augment the supply of sub-soil moisture, and so enable crops 
to be successfully earned through the dry season to give higher yields. In 
1945 a scheme was started near Rahad, and the flood waters of the Abu Habl 
river were controlled and used for flood imgation of the land Most of the 
area was used for raising much-needed gram crops, but it has been shown 
that good yields of cotton can be obtained. 

(ii) Equatoria 

Equatona, m the extreme south of the Sudan, is the most backward 
provmce of the country It is only dunng the past few years that definite 
steps have been taken in the development of its economic resources and in 
the social improvement of its primitive indigenous people Cotton growing 
started about 1927 and steadily expanded, more particularly on the western 
side of the White Nile 

On the east bank, cultivation was mainly centred around Tout, where a 
ginning factory was erected. There was also a second factory at Shukoli. 
The natives showed little inclination to grow cotton on an appreciable scale 
and the relatively small areas suitable for its cultivation gradually became 
exhausted. In 1942 the lack of transport and the need to grow increased 
food crops finally caused the Government to abandon cotton growing in this 
zone 

In areas on the west bank of the Nile greater interest has always been 
displayed m raising cotton as a cash crop, although even here considerable 
Government persuasion was needed. The land most suitable for cotton cul¬ 
tivation runs along the southern border of the Sudan, in a strip some 30 to 
60 miles wide It starts in the neighbourhood of Yei and stretches through 
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Meridi and Yambio to the district around Tambura, north of tibte junction of 
the boundaries of the Belgian Congo, French Equatonal Afnca and the 
Sudan. This zone is about 2^3 thousand feet above sea level and is a long- 
grass area of the savannah type with extensive stretches of wooded country. 

The soil is mainly a grey clayish loam in a thin layer of varying depth 
and fertility on an underlying bed of red latente. The ramfall in the zone 
suitable for cotton averages about 55 to 60 inches per annum, compared with 
about 40 mches on the east bank. The rams are much heavier and have a 
more extended season than those in the Nuba Mountains. The rainy season 
in Equatona usually commences m late March or early Apnl and may 
contmue until November. 

In the first few years following the introduction of cotton into the western 
zone it was grown around Yei. It was not entirely successful nor was it 
greatly favoured by the native cultivators. Eventually the ginnery at Yei 
was closed and the cultivation was extended westwards, particularly around 
Mendi where another ginnery was erected 

A comprehensive scheme has been started to develop the Zande area, 
with the ultimate aim of making this stretch of county, runmng from, 
roughly, Mendi to Tambura, into a self-contained unit The plan envisages 
that most of the requirements of the people will be met by local producton, 
selling products outside the area on a scale sufficiently large to raise funds 
for the purchase of necessites not produced locally. New cotton-growmg 
areas have been started around Yambio and these will be extended through 
to Lingesi and westwards. Lingesi itself is designed to be the mdustnal 
centre of the Zande region. In addition to other local industnes (extraction 
and manufacture of oil from cotton seed, saw mills and development of 
forest products), there are tentative proposals to erect a spinning and weaving 
mill, sufficient to meet most of the cloth requirements of Equatona and also 
produce a surplus for sale in the northern and central parts of the Sudan. 
Should this project materialise it is expected that little cotton will be available 
from this region for export overseas. 

When cotton was first introduced into Western Equatona the general prac¬ 
tice was to clear the land by burning off most of the vegetation and follow 
this by a httle hoeing preparation Any larger scrub or trees were removed 
by felling or nngmg Sowing was usually done in July and extended into 
August and sometimes September The crop was picked mainly in December 
and January Cotton was either grown continuously until the land was 
exhausted, or for two or three years and then followed by successive food 
crops, until exhaustion was reached. The land was then allowed to revert 
to bush. 

Now that the area is being developed according to a more balanced 
scheme, attention is being given to permanent cultivation and group farms 
are being tried. This applies more especially to the more recently developed 
areas around Yambio and westwards Here holdings are being plaimed for 
cultivation on a ten-year rotation. The ground is first prepared by burning 
and clearing and a food crop is planted, followed by cotton in the second 
year and another food crop in the third year The land is then allowed to 
revert to bush fallow for seven years. In this way the soil is not exhausted 
before cropping ceases, and it is hoped to maintain the fertility by the long 
restmg period. Soil erosion favoured by the continuous cropping of the 
older practice will be avoided by the shorter period of cultivation and by 
- contour cultivation with bands of permanent vegetation between neighbour- 
irrigated areas in the Sudan 
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One reason why cotton was first viewed unfavourably was that the picking 
of the crop was often as late as the end of January, or even early February, 
coinciding with the hunting season and the collection of wild honey. To 
make full use of the annual rains which commence in March, the months of 
April and May should be spent in prepanng the ground and plantmg the 
food crops. So far as possible, cultivators are being urged to plant their 
cotton either at the end of May or early June. The practice of inter-cropping 
groundnuts with cotton is also being tted. This encourages early sowing of 
cotton because the cultivator naturally pays first attention to his food crops. 

The earlier sowing of cotton has the advantage of making greater use of 
the rains and leads 1 :o the crop being picked before the end of December, 
thus leavmg January and February free for hunting. Furthermore, the 
adoption of earlier sowmg dates, followed by the uprooting of all old cotton 
sticks from the fields before the end of January, would give a close season 
of about four months, a valuable control measure against pink bollworm, 

(iii) Upper Nile 

For many years a small crop of American cotton was grown in the Upper 
Nile Province, on the eastern side of the White Nile from Er Eenk to 
MaJakal- During the later stages of the war the Government decided to 
discontinue cotton cultivation in this area and ceased issuing seed. Some 
small quantities were grown, presumably from seed saved by the cultivators 
or ilhcitly obtained from an outside source. 

Sowing of the seed was done usually in late July, and picking started in 
late October or early November and extended until late January. Cultiva¬ 
tion was pnmitive and crop rotation was rarely practised, cotton usually 
occup5dng the ground for four to five years followed by reversion to bush. 
After picking, the seed cotton was transported down the White Nile to Kosti 
and then by rail to Sennax for ginmng at the Government factory. Unlike 
the rain-grown Amencan crop from other areas. Upper Nile cotton was 
roller ginned. 

(iv) Northern Province 

The Northern Province on the borders of Eg37pt, has a very small rainfall 
and crops may only be grown satisfactorily under perennial irrigation. There 
are two main areas in which cotton has been grown on estates irrigated by 
pumps drawing water from the Nile. For many years the cotton grown m 
the Northern Province has been raised from American-type seed. 

In the Dongola area, cotton was sown from mid-July to mid-August. In 
the 1939/40 season 2,000 feddans were under cultivation and grew a 
medium-staple type known as XA 1129. For many years pink bollworm has 
been a serious problem and this, coupled with acute food shortage, caused 
cotton to be abandoned in the later stages of the war. 

Cotton was grown in the Berber area on a larger scale than at Dongola. 
Sowing was earlier and was usually done in May. In the 1939/40 season 
2,000 feddans were grown on Government-controlled estates, from seed of 
two medium-staple varieties, XA. 1129 and 513. At Zeidab about 5,000 
feddans of the long-staple Coker Wilds cotton was grown. Pink bollworm 
attack and the need for increased food production caused cotton growmg to 
be abandoned on the Government estates. It is still practised on the Zeidab 
estate of the Sudan Plantations Syndicate, although even here the ravages of 
pink bollworm result in greatly reduced yields. 
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At present consideration is being given to the possibilities of re-starting 
cotton growing in the closed areas of the Northern Province Should this 
matenaiise, the problem of pink bollworm and choice of suitable vanety will 
entail considerable research 

II, DEVELOPMENT OF COTTON GROWING IN THE SUDAN 
{a) Early Growth of Cotton in the Sudan 

It IS only dunng the present century that cotton has been produced on 
a commercial scale in the Sudan. Wild cottons have undoubtedly grown in 
this country since very early days, whilst semi-cultivated types have probably 
been raised for many years by some cultivators to satisfy small domestic 
needs. There is, however, little information available about such cottons 
Dudgeon has noted a reference by Pliny to cotton grown in the Sudan. The 
Sennar tree cotton {Gossy^pium arboreum var. soudanense) is a perennial 
native cotton of the Asiatic group. Further, as noted in the second of the 
present series of papers, a type of G. barbadense (G, vitifoUum, Cavanillus) 
was introduced mto Egypt from the Sudan and appears to have been one of 
the main ancestors of the Egyptian-type cottons of the present day. 

The first encouragement of cotton as a major crop was given by Ahmed 
Mumtaz, a Turkish Governor of Suakim, who introduced it into the Tokar 
delta about 1850-1860. Dervish rule later interrupted the cultivation of 
cotton and virtually no progress was made until the Sudan Government 
re-started development of the country at the beginnmg of the present century. 

From about igoo a number of varieties of cotton were introduced from 
abroad, especially from Egypt Among these are noted Mitafifi, Abassi and 
Ashmouni By 1910 Tokar had again become important and raised the 
bulk of the crop, grown solely from Mitafifi seed obtamed fresh each year 
from Egypt. The crop in the Gash delta was partly Mitafifi and partly 
Abassi, but a small quantity of Amencan cotton was grown from seed 
brought into the country from the Italian colony of Eritrea. The Mitafifi and 
Nuban varieties of Egyptian cotton were grown at the Tayiba pumping 
station on the banks of the Blue Nile m the Gezira. Small quantities of 
cotton were also raised on small farms established on the banks of the Nile 
below‘Khartoum. Further north, on the Zeidab plantation in the Berber 
Province, Nuban and Mitafifi also formed the major portion of the crop, 
but several other Egyptian vaneties were being tried on a small scale. Trials 
of American cotton (Allan's Improved and Gnffiths) were also bemg earned 
out A small crop of rain-grown American cotton was being grown at this time 
to the south of Sennar and also in the southern parts of Kassala Province. 

By now the production of cotton in the Sudan had become important and 
was receiving mcreasing encouragement A Research Farm had been started 
at Shambat, on the Nile below Khartoum North with the object of providmg 
instruction for cultivators around Khartoum and in the Berber and Blue Nile 
Provinces. Studies were made of agncultural practices and on various crops. 

In 1912 Mr. R. E. Massey was appointed as Economic Botanist and the 
punfication of the seed supplies of the existing Eg3q)tian strains was included 
in his programme. Sakel seed began to be imported m increasing amounts 
from Egypt. In 1912 it was grown on 200 acres at Zeidab and it quigkly 
became apparent that this variety would soon be grown on most large 
inigated areas in the Sudan. 

The earlier types of Egyptian cotton were discarded and Massey mainly 
concentrated upon selection work from Sakel stock to provide a more satis- 



WoYld*s Cotton Crops Part 3 Sudan—J^ord 


T543: 


factory main Eg5^tiaii-type crop He also carried out a considerable amount 
of work on Amencan cotton, which was increasingly favoured for growth on 
the northern pump schemes on the Nile, using as his matenal seed of a large 
number of varieties imported from the U S.A. 

(6) Development of the Present Sudan Sakel Crop. 

Until comparatively few years ago fresh Sakel seed was imported at 
mtervals into the Sudan. Only since the declme of Sakel in Egypt has the 
Sudan relied solely upon her own resources for the production of planting 
seed and for the maintenance of lint quality. The Research Division of the 
Department of Agnculture and Forests maintains a large breedmg programme 
for developing strains more suited to Sudan conditions. 

A strain known as Massey's Selected Domains Sakel originated from 
Sakel seed imported m 1922 This strain has been grown experimentally 
for many years as a standard variety for use in long term agronomic experi¬ 
ments on the Gezira Research Farm. 

Another selection made about this time is that known as Sakel 186. 
A. R. Lambert took this strain as a basis and started to make re-selections. 
After the opening of the Sennar Dam, and the first big extension of the 
irngated area in the Gezira m 1925, M. A Bailey was appointed as the first 
full-time plant breeder to free Massey for work on blackarm and other 
diseases. He continued work on Sakel 186, and by 1930 the re-selections of 
this strain had been shown to be somewhat superior to other Sakel types. 
Consideration was being given to replacing the main-crop ordinary Sakel in 
the Gezira by the re-selected Sakel 186 Much promising work had also been 
earned out on hybrids between Sakel and Sea Island 

A new feature now appeared in Sudan agnculture and completely altered 
the picture Leaf curl first appeared on an appreciable scale in the 1924/25 
season, and this disease spread rapidly until in the 1928/29 season there was 
general infection throughout the Gezira. Sakel 186 was as susceptible to this 
disease as the ordinary mam-crop Sakel and consequently its bulk propaga- 
ton was no longer continued. Most of the Sakel x Sea Island hybrids were 
also susceptible and consequently discarded The urgent problem in the 
breeding programme was to develop a new leaf-curl resistant cotton. 

In 1923/24 Lambert made a number of selections from Sakel 186 with 
the object of developmg resistance to blackarm disease. Some of these 
famihes were passed on to Bailey and were grown at Shambat in the 1928/29 
season when it was found under Gezira conditions some showed resistance to 
leaf curl Further selection led to the choice of the two strains X 1530 and 
X 1730 m the 1929/30 season Compared with Domains Sakel these types 
were of a more bushy habit, somewhat later fruiting and had the capacity to 
recover and grow away from an early attack of blackarm, although not 
possessing true resistance to the disease. 

Small-scale trials were made in 1932/33 in various parts of the Gezira and 
these showed that the new strains were better in yield than Domains Sakel. 
In 1930/31 selections X 1530A and X 1730A were denved and these sub¬ 
sequently proved supenor to the parent stocks. By 1933/34 seed of these 
selecfaons was being increased at the Barakat Seed Farm of the Sudan 
Plantations Syndicate 

Meanwhile seed of the X 1530 type had been issued for bulk cultivation 
and was being grown on a wide scale by 1934. It was followed by the 
later X 1730A type (the onginal X 1730 was never issued for bulk growth) 
which showed itself to be more satisfactoiy. The X 1530 type of cotton 
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was gradually displaced by X 1730A, being grown in the Gezira for the 
last tune in the 1938/39 season, but some persisted m the Tokar area for 
a little longer. 

A third Sakel type, known generally as NT 2, originated from a single 
plant selection made m the 1929/30 season from Gash Sakel in the Gash 
Delta. Shortly afterwards it was recognised that the X 1530 and X 1730 
families were of coarser fibre than typical Domains Sakel. Workers m the 
Sudan of the Research Division of the Department of Agriculture and 
Forestry found the NT 2 selection to be resistant to leaf curl disease and 
this characteristic was improved by further selection work in order to 
obtain a high quality resistant cotton of true Sakel type In the 1944/45 
season two strains of NT 2 were being grown in small quantities to gam 
the reactions of spinners to this class of cotton. The NT 2/36 was the 
standard type and the small Gezira crop of this cotton appeared on the 
market under the GN series of marks. NT 2/41 was the second strain, 
obtained by adding blackarm resistance to the sub-strain NT 2/38, and 
was grown in the Gash on a small scale, being marketed as “Barsak”. 
Further small quantities of NT 2 cotton were raised in the next season 
when it was decided to discontinue further propagation of this class of 
cotton. NT 2 generally gives yields fully as good or slightly better than 
Domains Sakel, but it is of somewhat coarser fibre and lower yam strength. 
There appears to be no firm demand for a cotton with a quahty between 
that of standard Domains Sakel and X 1730A. 

Intensive breeding work on the present crop of Sudan Sakel, of X 1730A 
and Domains types, is in progress in the Sudan. The various aspects of this 
work, and the classification and characteristics of the commercial crop, are 
described in later sections of this paper. 

(c) Development of the Present Sudan American Crop. 

In section (i) above, mention has been made of the growth of American 
cotton m the Sudan prior to 1913 There are reports in 1913 of trials of 
Sunflower, Nyasaland Upland and other types of imported American cotton 
on pump schemes along the banks of the Nile in the Northern Province. In 
1914 a Nyasaland Upland t5q)e was being grown at Zeidab and on vanous 
Berber estates. By 1925 the strain of Sudan Amencan known as Pump 
Scheme Strain " was well established and it appears probable that it was 
derived main from Nyasaland Upland, Between 1913 and 1925 various 
introductions from America continued to be made, but none of these proved 
as satisfactory as Pump Scheme Strain. The adaptability of Pump Scheme 
Stram may be due to the mixture of vaiymg plant types in the crop which 
enabled it to settle down in different environments. Work on the various 
imported strains showed little promise of breeding a superior yielding type, 
and gradually the attention of the cotton breeders was devoted to other 
cottons of higher quality hnt or earlier maturing habit. 

Delta Webber seed was imported from Amenca and was grown on some 
pump schemes in the Berber area A selection of this cotton, Delrect I, 
reached the commercial stage but never found great favour. The Zeidab 
estate of the Sudan Plantations S5mdicate imported the long-staple Coker 
Wilds stram from America. This type (strain Wilds No. ii) has now given 
place to Wilds No. 16 S.C which is still grown there, and is the highest 
quahty American cotton produced in Africa. Although grown under imgated 
conditions, it does not give high yields, mainly because of attack by pink 
bollwonn and a capsid (Creon tiad&s). 
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Among the somewhat longer staple cottons introduced from Amenca was 
Meade which for a number of years formed the basis of part of the breedmg 
programme. The strain known as XA 1129 was denved m the Sudan 
from the selection of a single off-type plant found in a plot of Meade. 
Under irrigated conditions XA 1129 was earher cropping than the Pump 
Scheme Stram and of higher ginning out-turn, and its better lint quality 
resulted m a higher cash return per acre Eventually XA 1129 was widely 
grown m the Dongola district and continued as the mam commercial type 
until cotton growing ceased there in 1942 It was also introduced into the 
Government controlled estates in the Berber distnct 

The Berber distnct generally suffers more from pink bollworm attack 
than the Dongola area. An earlier matunng type than Pump Scheme Stram 
or XA 1129 was found to be essential in order to permit the picking of a 
reasonable crop before destruction by pink bollworm. About 1933 the 
cultivators were prepared to abandon cotton growing but fortunately a 
partal solution was found The “Punjab Early Strain’* of American cotton 
had been mtroduced previously from India and expenmental trials had 
been made. The strain known as "313 " was denved from Punjab Early 
Strain and proved to be particularly early matunng. Seed was multiplied 
and issued to cultivators. It sooij became popular and gave yields up to 
twice those of later matunng types By 1936, strain 513 was the mam 
commercial vanety on the Berber estates other than Zeidab. The growth 
of 513 and XA 1129 continued in this area until cotton growing was 
abandoned in 1942. 

When the rain-growing areas began to be developed, breeders found 
the Pump Scheme Strain to be the most suitable vanety for the new wide 
range of conditions. It was grown generally m the Upper Nile Province 
and, after being introduced into the Nuba Mountains in 1924, it has always 
formed the bulk of the Kordofan crop Small amounts of the American 
variety Deltapme (described later) were raised in the 1944 season in the 
Xadugli distnct. Although this cotton gave better yields than Pump Scheme 
Stram it is of lower quality and its propagation has been stopped so as not 
to lower the reputation oTSudan Amencan cotton. 

Between 1925 and 1936 many vaneties and re-selections of American 
cotton were subjected to tnals in the Nuba Mountains but gave no marked 
increase m yield over the Pump Scheme Strain. In the 1936/37 season the 
breedmg of Amencan types was transferred from Shambat to Kadugh The 
breeding strains for imgated conditions was virtually abandoned and work 
was focussed almost solely upon cottons suitable for Kordofan and Equatoria. 
The change in agricultural practices in the Nuba Mountains has given nse 
to new problems As mentioned in Section I of this paper, earliness of 
growth is now an essential requirement in any cotton chosen for commercial 
production in the Nuba Mountains and unless an early strain is issued to the 
cultivators poor crops will be obtained in seasons when the rains are 
delayed. 

Plant breeders have developed two strains of cotton, BAR SP 84 and 
NT 205/43 which are of early matunng habit compared with Pump Scheme 
Strain It appears probable that BAR.SP 84 will replace Pump Scheme 
Strain and become the general vanety for growths in this area. 

In Equatoria also the Pump Scheme Strain was chosen for propagation 
when cotton growing was first started. The stram XA. 129, a selection of 
Pump Scheme Strain was found to give somewhat higher yields and became 
the commercial variety in districts on the eastern side of the Nile until cotton 



T544 


32 —The Production and Characteristics of the 

growing was abandoned there. In areas on the western bank the strains 
known as 511C and 511D (descnbed m Section VI (a)) displaced the Pump 
Scheme Strain. The later selection 511D has contmued to be grown but the 
BAR SP 84 from the Nuba Mountains has been chosen for the newly opened 
distncts around Yambio. BAR.SP.84 has given equal to shghtly better 
yields than 511D m vanety tnals and it is possible that it may also become 
the standard vanety m the present mam area around Mendi. 

III. DISEASE AND INSECT PESTS 

A comprehensive understanding of the problems of a cotton-growing 
area is impossible without some knowledge of the reasons for loss of crop 
and for decline in cotton quality. This section is devoted to a general 
account of the work of The Research Division on the cause, effects and 
control of the more important disease and insect pests which mjunously 
affect cotton in the Sudan Breeding work directed towards developmg 
particular immune or resistant strains is not descnbed in this section but 
IS considered in later portions of the paper. 

(1) Diseases of the Cotton Plant. 

In the Sudan the cotton plant is liable to suffer from a number of 
fungal, virus and bactenal diseases. Among these that known as “black- 
arm'* is very serious, “leaf curl “ has given great trouble m the past but 
is now partly conquered, and “cotton wilt" is sometimes a source of crop 
loss. 

Blackarm 

This disease is caused by a bacterium [Bacterium malvacearum). In 
Egypt it is manifested by the symptoms of “ angular leaf spot", but in the 
Sudan a more severe form occurs which may attack the main stem, branches 
and bolls as well as the leaves of the plant, and result in heavy loss of crop. 
The following account is based mainly on articles written by Massey and 
Knight on the.ir work in this field 

Attack of the leaves can occur if the surface is wetted and a continuous 
film of moisture exists, within which the bacterium may be drawn through 
the stomata into the interior tissue. Should the leaf be dry, the organisms 
can remain dormant on the surface for a long time until conditions favourable 
for their entry into the sub-stomatal cavities anse. Leaves with only a 
moderate degree of attack show small reddish brown lesions between the vems 
and many of these assume an angular shape In the more severe forms of 
attack the tissue lesions become larger and coalesce, vein lesions also develop. 
The large lesions are wet and when the attacked tissue dies it turns black as 
compared with a brownish colour in the milder forms. 

The loss of vitality due to the withering and shedding of attacked 
leaves is sufficient in itself to result m a decline m yield. Heavy loss also 
arises from other manifestations of the disease. Infection of the main stem 
may result from the direct penetration of the bacterium into healthy tissue, 
although under conditions prevailing in the Sudan it frequently occurs 
via the petiole following leaf attack Large water-soaked lesions occur and 
if attack is severe the stem may be girdled and break Side branches also 
may be girdled and break off, causing partial loss of the crop 

Later in the season the bolls themselves may be attacked, either by 
spread of the disease along a blackened arm or stalk, or through rain splashes 
from diseased leaves and debns The first appearance of blackarm disease 
on the boll shows as water-soaked areas which gradually spread and these 
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diseased portions turn brown. Especially when attacked in an early stage 
of development, the bolls frequently dry up, become prematurely hard and 
may split open at the top or along the side. Very early attack may result 
m a complete cessation of development due to rapid spread of the disease, 
whilst the splitting open of older and less severely attacked bolls results 
in the lint becoming exposed, stained and matted. 

The disease only appears to be spread in association with water, one 
of the main sources of carry-over being the mfection on the seed coat and 
fuzz. Dry infected matter lying dormant may be activated by heavy dew, 
and infection may also take place by contact under humid conditions. More 
particularly, however, the disease is spread rapidly by heavy rain-storms 
accompanied by strong driving wmds 

The persistence of blackarm, and the degree of infection of the new crop 
m the next season, depend greatly upon the magnitude of carry-over of the 
disease. In the field the disease survives because dry woody tissue can retain 
the orgamsm in a viable condition for a long period. Ground littered with 
debris, ratoons, and young seedlings ^from infected seeds all favour the 
spread of the disease, particularly since cotton may be grown on adjacent 
fields m two successive seasons The high mcidence of blackarm in the 
Gezira primarily arises from the climatic conditions. In the close season 
the weather is dry and there is only very slow destruction of field debris. 
Moreover at planting time the soil temperature is favourable for the 
development of seed infection. Prolonged immersion in water renders any 
infected tissues innocuous and consequently in the flood irrigation areas of 
Gash and Tokar the carry-over of the disease in the field is on a much 
smaller scale. In these two areas the climatic conditions do not greatly 
favour the infection of the young growing crop with blackarm. Chilling 
of the soil by rain dunng the germination stage is beheved to lead to 
increased seed infection and in Tokar the absence of rain prevents any 
spread of blackarm. In the Amencan cotton growing areas of Kordofan and 
Equatona, a large amount of the field debns rots away in the close season. 
Blackarm disease m these rain-growing areas does not present such a 
formidable problem as m the irrigated regions 

Another cause of the persistence of the disease is infected dust in ginneries 
which contaminates the planting seed. Furthermore some of the seed itself 
may have been originally infected following boll attack Seed infection may 
persist for as long as two years, and may result in infection of clean seed 
because the disease is contagious 

A number of measures are m force to control blackarm disease. The 
destruction of old plants at the end of the harvest is practised to keep down 
pmk bollworm, and this measure is also an effective help in reducmg the 
carry-over of blackarm disease In the Gezira a further precaution is taken 
of gathenng and burning the leaf and twig debns in the fields In some 
blocks, where mfection has been high dunng the season, the ground is 
flooded for a few days to render innocuous any debris which has been 
overlooked 

The Gash area is used for large-scale seed multiplication because of its 
greater freedom from blackarm disease. It is planted with disinfected seed 
sent from the Barakat Seed Farm; the multiplied seed is then dismfected 
and used for the planting of the Gezira area in the following season. 

The above measures have been successful m keeping the disease in check, 
but there is always the possibility that severe outbreaks may occur. Con¬ 
sequently the attention of research workers has been concentrated on the 
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urgent problem of developmg strains of cotton having adequate resistance 
to blackarm disease. At an early stage Knight and Clouston (see Section 
VII (a) showed that resistant strains of cotton could be developed, but there 
remained the more difficult task of synthesising strains in which the resistance 
to the disease was added to the desirable agncultural, fibre and yam 
charactenstics of the present strains of Sudan Sakel. In view of the 
importance of this problem a more detailed discussion of the work by 
Knight IS given later m the paper. 

Leaf Curl 

This is a virus disease which constitutes a potential danger in the Egyptian 
cotton areas in the Sudan The first sign of the disease is a local thickening 
of the veins on the imder side of the leaf, or on the leafy bracts This may 
easily be detected by holding the leaves up against the sunlight when the 
veins appear opaque. This thickening gradually extends and the leaf begins 
to curl or crumple up. In extreme cases of attack the main stem, the 
fruiting branches and the leaf stalks assume tortuous shapes The effect 
IS often partial or complete stenlity of infected parts of the plant, resultmg 
m marked loss in yield. 

From the work described by Massey and Andrews, leaf curl does not 
appear to be transmitted by seed infection, but is spread by white flies, 
which feed on the leaves of affected plants, and then pass on the disease 
when they transfer themselves to healthy plants and again commence feeding. 
The disease is kept in check by the close season, dunng which penod there 
are few weeds or food crops. The mam source of re-infection is in infected 
ratoons, shoots springing up from old tap roots or old stumps left over 
from the previous season. To reduce this to a minimum tools were devised 
for puDing up all plants by the roots after the end of the harvest instead of 
cutting them down as m the older practice Although rigorous uprooting 
of old plants is now earned out, a few plants nevertheless break at ground 
level and may spring up again m the following season, in numbers sufficient 
to cause a fresh wave of infection. 

Bamia acts as a host to leaf curl disease, but its growth is prohibited m 
the close season, as a preventive measure against pink bollworm, and this 
practice also serves as a control measure for leaf curl As a further help, 
the leaf-curl resistant Momtaza bamia is bemg encouraged in preference to 
the local type. 

The greatest prospect of avoiding crop loss from leaf curl lies in the 
development of resistant varieties. As described later in this paper, the 
X 1730A variety was developed in the Sudan on account of its being 
resistant to this disease Further breeding work is in progress to render 
Domains Sakel resistant to this disease without in any way affectmg its 
fibre quality. 

Cotton WUt. 

One form of this disease, caused by the attack of the root system of the 
plant by a fungal parasite (Fusarium vasinfectum) living in the soil, has 
been described in Part II of the present series of papers Typical signs of 
attack are the dropping of leaves after mottlmg and yellowing, possibly 
followed in extreme cases by the plants wilting and dymg. In Egypt the 
effects of this disease are serious and it has been necessary to develop immune 
or resistant strains. In the Sudan, however, there are rarely serious out¬ 
breaks; the disease does not appear to be spreading and no active counter 
measures have as yet been required. 
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(ii) Insect Pests of the Cotton Plant 

In the Sudan, as in most cotton growing countries, there is a wide range 
of insects which attack the crop Some cause damage immediately the seed 
begms to sprout, whilst others manifest themselves as the crop approaches 
harvesting. The more important among them are considered below. 

Pink BoUworm 

For many years pink bollworm [Platyedra gossyptella) has been one 
of the major cotton problems in Egypt from whence the pest appears to 
have spread mto the Sudan. Pink bollworm in the Sudan is mainly prevalent 
in the irrigated areas; in the rain-growing areas of Kordofan and Equatoria 
it usually gives little trouble. The Tokar and Gash crops are frequently 
threatened, and the Gezira to a less extent. But for stnet control measures 
there would be a heavy annual toll on the crops in these regions. At Zeidab, 
pink bollworm caused a marked loss in yield and mvestigations are in progress 
to see how far this may be reduced. 

In Part II of the present series of papers was given a brief desenption 
of the pink bollworm, its habits and mode of carry-over from one season 
to the next. Crop loss results from the shedding of bolls attacked durmg 
early stages of development, and also by the partial destruction of the con¬ 
tents of older bolls. The remammg contents of such older attacked bolls are 
composed of immature, weak, short lint which reduces the average quality 
of the cotton 

Many of the control measures against pink bollworm in the Sudan are 
similar to those in force m Egypt. The seed for the Gezira is treated at 
Menngan by the Simon Heater and dusted with Abavit B at the same time. 
Legislation provides for the collecting and burmng of the old cotton sticks 
left after picking m order to ensure an effective close season The earliest 
date of sowing, and the latest date for the destruction of the remains of the 
old crop are fixed annually for each distnet. Permission is also required 
before seed may be moved from one area to another, and quarantine regu¬ 
lations apply to the import of seed from abroad. The prohibition of bamia, 
an alternative host for pink bollworm, durmg the close cotton season, has 
already been mentioned 

In a later section of this paper, reference is made to recent developments 
in the breeding of varieties resistant to pink bollworm. 

Locusts 

These provide another serious pest problem m the Sudan Both cotton 
and other crops are frequently threatened by swarms which have either 
mvaded the country or have bred on a large scale within the Sudan. The 
damage varies from year to year, and the number of swarms fluctuates 
annually in an irregular cyclic manner 

There are several kinds of locusts which give trouble but the two major 
types are the Desert Locust and the Tropical Migratory Locust Locust eggs 
are laid in moist soil After hatching, the nymph comes up to the surface, 
casts its skm and appears as a wingless locust, usually termed a hopper 
Dunng the next month or two, the hopper grows, sheds its skin at intervals 
and eventually turns into a winged adult. 

Early immigrant swarms appearing m May and June ussually cause 
httle harm because there are few crops growmg at that time After these 
swarms have passed through their breeding stage, severe damage may occur 
if the hoppers invade growing crops, but most of the harm is caused by 
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young winged adult locusts during September and October when enugration 
takes place 

It IS difficult, and indeed almost impossible, to counter flymg swarms. 
The most effective control is gained by combating locusts in the hopper stage. 
Hoppers are usually killed by the use of poison bait, a mixture of bran, 
molasses, sodium arsenite and water A large number of scouts are posted 
to report on all swarms and their movements, and on the whereabouts of the 
breeding grounds Dumps of bait are maintained m readiness all over the 
country with reserves at district control centres Information is sent m by 
scouts to a central control point, which also receives reports regardmg locust 
swarms from other countries also concerned with the locust problem. Paid 
labour is used to fight the numerous outbreaks of hoppers which occur each 
season, and is recruited locally A permanent supervisory staff is also 
maintained and in many cases transport has to be hurriedly arranged to 
bring further supplies of labour and bait to severely threatened areas If 
the hoppers are successfully tackled, few adult swarms occur and little 
damage ensues. 

Jassids or Cotton Leaf Hoppers 

Cotton suffers from the attacks of jassids {Empoasca hbyca) m many 
parts of the world. In the Sudan jassids have become an increasingly severe 
problem since about 1930 They appear to be increasing in the Gezira, 
particularly in the northern parts, and senous attention is being given to 
developing efficient control measures. 

The jassid has a short egg and nymph stage and a relatively long adult 
life. The eggs are not laid m a few large batches but m small numbers at 
frequent intervals over a long period. The nymphs feed on the leaves of the 
cotton plant which then begin to dry up from the edge, assume a crinkled 
form, and then eventually wither. The result is a marked reduction in the 
general vitality of the plant. 

In the Sudan the particular species of jassids prevalent have a wide range 
of host plants. Consequently the close cotton season does not provide an 
effective means of control. Spraying the crop with Bordeaux mixture has 
been tried since 1941/42, more especially m the north of the Gezira Increases 
in yield, up to ten per cent, have resulted from the spraymg of crops and 
the figures give some general indications of the magnitude of the loss which 
jassids cause The use of DDT sprayed in emulsion form is also being tried 
This insecticide appears to give effective protection to the leaves for about 
a month Improved yields have been obtained following spraying with 
DDT, the increase being mainly due to heavier later pickings rather than a 
general increase from the first picking onwards Over an area of 40,000 
feddans increases in the region of 40 per cent were obtained 

Although effective control of jassid by some form of spraymg now 
appears to be feasible, there is the disadvantage that any such method is 
extremely costly, not only in matenaJ but more especially on account of the 
large-scale use of labour and eqmpment entailed Consequently research is 
m progress in the Sudan to see whether resistance to jassid attack may be 
transferred to Sakel from other cottons. A more detailed discussion of this 
aspect is given in a later section of this paper. 

Cotton Thrips 

Irrigated crops of cotton in the Sudan suffer from attack by thrips 
{Hercoihrips spp.). In the Gezira the thrips are more prevalent m the south 
than in the north, and in some seasons may cause appreciable loss. Rain- 
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growing areas are generally free from this trouble, particularly the Nuba 
Mountain area of Kordofan where thnps do not appear to constitute any 
serious danger. 

The eggs are laid inside the leaf tissue, generally on the lower surface. 
The larvae which hatch out from the eggs, and also the adult thnps, feed on 
the plant sap, causing a typical browning and silvenng of infested leaves 
followed by withenng and leaf fall The fully grown larvae fall to the ground 
and pupate, remaining in the soil for a variable period, from less than a 
week to more than a month, according to prevailing conditions As a result 
of the short pupation penod, successive broods of thnps gradually move 
up the plant to higher and newer leaves as the lower ones become exhausted 
If infestation is severe, the stem, bracts and bolls may suffer from direct 
attack as well as the leaves This causes boll shedding and consequent 
loss m yield. The loss of a large number of leaves also induces boll shedding 
smce the reduced vitality of the plant prevents it from carrying all of its 
crop 

Frequent imgation appears to seal up the pupae in the ground and 
reduces the reproductive rate Thnps are mainly active about October and 
November and at this time the plants have grown sufficiently to withstand 
frequent watenngs with few subsequent ill effects. As a result of experi¬ 
mentation the watenng interval is shortened when thnp attack takes place 
The use of insecticides on a large scale against thnps alone is rarely economic, 
but should DDT spraying against jassids become general, then the crop loss 
caused by thrips would be reduced because this insecticide also kills off the 
larvae of the thnps immediately after hatching 

Cotton Stainer-Bug 

The distnbution of cotton stainers [Dysdercus spp ) is greatly dependent 
upon ramfall and these insects only become plentiful in places where the 
annual precipitation exceeds about 20 mches. Consequently stainers are 
not a pest affecting the irngated cotton crops in the Sudan but only cause 
damage to the rain-grown Amencan types in Equatona and Kordofan. 

Stainers obtain their main nourishment from the seeds of a limited 
number of species, although this is frequently supplemented by the saps 
and nectars of various plants The nymphs have a very long proboscis and 
use this for piercing and sucking unripe seeds in their cases In cotton the 
damage is not immediately apparent until the boll ripens an^J opens, when 
it IS seen that it contains a mass of stained lint This staming is not caused 
by the stainer-bug itself, but by the development of bactena and fungi 
which have been introduced into the boll case by the proboscis of the 
n5unph In addition to the yellowish staming there is also damage to the 
seeds which frequently produce only a small amount of immature, worth¬ 
less fibre. Fungal attack ceases after the boll splits open but the lint may 
become more stained by the excreta from the insects. 

In the Nuba Mountains D fasciatus is the stainer which causes most 
damage. Breeding of this bug continues throughout the year, is highest 
during the rainy penod, and is greatly retarded in the hot dry season Large 
colonies of the insects accumulate on the bark of teheldi trees After the 
fruit of these trees has fallen the seeds in the capsules are exposed and 
eaten by the stainers. Breeding is rapid and the pest then disperses to 
settle on cotton crops Control is applied by locating all tebeldi trees within 
a few miles of the cotton area, not very difficult since there is not a large 
number of them and they grow mainly near hills or on high ground. The 
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trees may be sprayed twice a year with paraffin and then ignited, which 
kills the pest but only retards the tree The early removal of cotton sticks, 
and the prevention of hoarding seed not required for sowing, is a further 
aid The effective application of these measures, and the planting of cotton 
on land removed from the tebeldi trees, will keep damage by stainer down 
to a low proportion. 

In Equatoria D. superstitiosus is the species which gives rise to most 
troubles and in some years and localities may cause very senous damage. 
There is no pronounced dry season in this part of the country and the 
rainfall is much heavier than in Kordofan, Breeding goes on throughout 
most of the year and makes control very difficult The hand-picking of 
insects m the field has been tned and if repeated at frequent intervals this 
practice is satisfactory On the other hand, as might be expected, such 
a method finds little favour with the native cultivators 

Miscellaneous 

Egyptian bollworm {Erias msulana) and Sudan or Red bollworm 
{Dtparopsis castanea) also occur and do damage, though on a much smaller 
scale than Pink bollworm. American bollworm {Hehothis armigera) is ever¬ 
present m Kordofan and doubtless causes some damage, but on a much 
smaller scale than the other bollworms 

Lygus appears in Equatona but its effects here do not seem to be so 
pronounced as in the cotton growmg areas of Uganda to the south-east. 
Cotton leaf rollers {Sylepta spp ) also occasionally cause damage, in some 
areas Young plants are often attacked by termites (white ants) and flea- 
beetle {Podagrica puncticolhs), the magnitude of the attack varymg from 
season to season. 

Cotton aphis or green fly is often troublesome. This insect attacks the 
plants by inserting a long proboscis into the cell tissues and withdrawing 
the sap. Aphis excretes a sweet, sticky substance known as honeydew, 
which adheres to the leaves and blocks up their pores, thus preventing 
them from carrying out their normal functions In the Gash, cotton aphis 
causes serious damage in some seasons. 

Helopeltis bergrothi are sucking insects and can cause several types of 
damage to the cotton plant The mam stem may receive lesions at an early 
stage in the development of the plant and so suffer severe stuntmg and 
malformation. Larger plants may have their branches and buds attacked 
Later in the season the green bolls are attacked and show typical "crater- * 
mg” on the surface caused by the insects feeding on the carpel tissues 
This cratenng often results in abortion or premature opening and may be 
followed by invasion of secondary pests resulting m total loss of the boll 
Incidence of Helopeltis m cotton areas is usually erratic and generally areas 
of low rainfall experience little or no trouble Equatoria is the only area 
where severe damage occurs, and this only in some seasons So far no 
effective means of control are known 

IV. MARKETING AND GRADING 

After the cotton has been picked by the cultivator it is taken in sacks 
to the ginnery where it is graded and payment made according to weight 
and quality. The methods of grading vary for the different types of cotton 
and, in some cases, in different areas growmg the same type of cotton A 
general description is given of the various methods of grading in the Sudan 
Sakel regions followed by a bnef account of the current practice for the 
Amencan-type crop 
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(a) Sudan Sakel 

(i) Gezira 

Cotton grown m areas watered by the mam irrigation scheme dependmg 
on the Sennar Dam is brought to one of two main ginning centres. One 
group of ginning factories is at Hasiheisa and serves the northern parts of 
the area under the control of the Sudan Plantations S5mdicate, the whole 
of the Kassala Cotton Company concession and also the Abdel Magid Scheme. 
The ginnenes at Manngan, near Barakat, are used for the crop grown on the 
southern parts of the Sudan Plantations Syndicate's concession. 

In the Gezira, pickings are made steadily throughout the season and 
cultivators are encouraged to bring their seed cotton to the gmnery as soon 
as possible. The large number of pickings results in cotton coming forward 
m a steady flow. Seed cotton reaches the ginnery packed in bags beanng 
the block number of the land on which it has been grown and also the 
number of the tenant's holdmg Each bag, which holds about 100 ib., is 
weighed and then assessed separately by a seed cotton classifier. 

The Sudan Plantations Syndicate have on their staff a chief cotton 
classifier who is usually stationed at Port Sudan. At the beginning of each 
season he visits the factones at Barakat and Hasiheisa and examines samples 
of ginned hnt which have been previously graded as seed cotton by the 
usual staff of classifiers These lint samples of the new crop are then com¬ 
pared with reference samples of Imt cotton of corresponding grade of the 
previous season If any consistent differences are noted the seed cotton 
classifiers adjust their standards until they conform with those of the 
previous season. The chief cotton classifier stays until satisfied that 
classifiers are working on the same basis as that of the previous year. This 
practice ensures that each individual seed cotton classifier works to a common 
standard and that there is continuity in the level of classification from one 
season to another. 

Bales of cotton grown on the concession of the Sudan Plantations 
Syndicate are distinguished by the letters GS (for the Domains Sakel type) 
and GL (for the X 1730A type) together with a number denoting the grade 
and also a bale lot number. The cotton grown under the supervision of the 
Kassala Cotton Company is similarly labelled but each bale also carries the 
symbol KCC. Bales of cotton from the Abdel Magid scheme are marked 
AM (Domains Sakel) or AL (X 1730A) in place of the GS and GL markings 
of the main Gezira crop 

There are six full grades, 1-6, and also half grades denoted by X (extra). 
Thus XG4S is extra grade 4 Domains Sakel type, midway between G3S 
and G4S 

A classifier judges seed cotton according to his observations on vanous 
factors which are considered to affect the quality and value of the cotton 
One of his problems is to make reliable and rapid observahons: having done 
that he then has another task A cotton may be ranked high on account 
of some features and low on account of others. The classifier has to arrive 
at a single figure—^the grade category—^which sums up his combined 
impression of the several different characters observed. Consequently a given 
grade of cotton cannot be composed wholly of bales of cotton of identical 
quahty There is a permissible range of vanation in the different characters, 
outstandmgly good qualities in some directions being counter-balanced by 
poorer qualities m others The vanous factors determining grade are 
considered below 
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The rapid classification of each sack of seed cotton brought into a ginnery 
necessitates the seed cotton classifier observing almost subconsciously, by 
hand and by eye, a number of widely different features- He does not 
determine the length of staple by pulling'' to form a tuft (that is only 
done on bale cotton in the later examination at Port Sudan) but bases his 
judgment upon the manner in which the seed cotton clings or drags when a 
handful is drawn apart Increased length of staple tends to raise the grade, 
shorter staple lowers the grade. Fibre fineness is noted mainly by 
feel but partly by appearance. Immature cotton tends to reduce the grade 
and is noted by observations on lustre and feel, and by a "cloudy" 
appearance of the lint. Increased proportions of stained cotton generally 
caused by insect attack result in a sample being given a lower grade than 
one with little stain. Greater importance is given to stain than to many of 
the other features, since a stained sample is usually an mdication that staple 
and maturity have been adversely affected during growth. Freedom from 
leaf and trash is also observed but in the Gezira the importance attached 
to this feature is not so marked as in some of the other areas. The grade 
of the Gezira crop tends to fall off steadily as the pickings progress in the 
season, and it is recognised that the higher grades of cotton should contain 
smaller proportions of trash than those of lower grade. Sometimes a 
cotton might be classified as of high grade but for its having a trash content 
higher than is usual for that particular grade, and these cases are treated 
separately. The sacks of seed cotton are classed as high grade but are 
specially marked, the seed cotton being given a light mechanical cleaning 
pnor to ginning in order to reduce the trash content to a figure normal for 
that grade. 

Each ginning factory contains a double set of 40 roller gms, with a 
baling press at each end Only one grade of cotton is ginned at a time, and 
material from several sacks, possibly coming from different lots, is sprinkled 
with water and fed mto the gins. As the cotton comes through the gms it 
is well mixed before being placed in the baling press This practice results 
in reducing the possibility of marked differences in quality occurring m 
different bales of the same mark. 

The regular flow of cotton from the field to the ginnery m the Gezira is 
a great aid in grading The first picks tend to be of grades i and 2, followed 
by successively lower grades as the season progresses. The work of the 
seed cotton classifier is thus rendered less difficult than if sacks of cotton 
of all grades came forward at the same time 

The bales are sent by rail to Port Sudan for shipment overseas, arranged 
in lots containing up to 500 bales of the same grade At Port Sudan a 
further examination is made of the cotton as a check on the seed cotton 
grading. The chief cotton classifier samples a number of bales m each lot 
and compares them with his standard samples of the previous season to 
ensure that the quahty is fully representative In nearly all cases his 
judgment confirms the onginal classification, although at times he may 
differ and cause a lot to be either raised or lowered half a grade 

Cotton from the White Nile Alternative Livelihood Schemes and from the 
private estate of the Mahdi is graded and gmned at the Government ginnery 
at Sennar The description of the grades is the same as in the mam Gezira 
scheme, with full grades running down from i to 6, and the symbol X 
being used with a number to denote a half grade higher. Only Domains 
Sakel IS at present grown m the various White Nile Schemes and bales of 
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it are marked WN. Domains Sakel cotton from the Mahdi area is marked 
MS, and X 1730A cotton bears the symbol ML. 

The giimery at Sennar has to serve a number of small areas which 
together form the White Nile Scheme. Consequently there is no steady flow 
of pickings nor consistent decline in cotton quality as the season progresses. 
The grading system is not standardised or checked against the main Gezira 
system At Sennar assessment of grade depends almost exclusively upon 
leaf and stam and little upon fibre characteristics. Consequently, as shown 
later m this paper, it is not surprismg to find material differences in quality 
between samples of the same grade coming from these two areas 
(ii) Gash 

The production, grading and marketing of the Gash crop is under direct 
Government control. When the picking season approaches, the Inspector 
of Agnculture sees that each tenant is issued with a number of sacks in 
which to place the seed cotton as it is picked. The sacks are labelled accord¬ 
ing to the type of seed sown (Domains Sakel or X 1730A), with the number 
of the tenant's holding and with the type of infection from blackarm 
disease This latter information, whether the crop has received light, heavy 
or no infection, is added for purpose of control of planhng seed in the next 
season. The cultivators bnng the sacks to different centres along the rail¬ 
way line, where they are sorted for type When a sufficient number have 
accumulated they are transported to the Government gmning factory at 
Port Sudan. At the ginnery the sacks of seed cotton are stacked, cotton 
from each district being kept separate. 

The seed cotton is graded before ginning, each sack being opened at 
the mouth to permit the withdrawal of a sample. Unlike the Gezira there 
is no marked, consistent variation in staple length over most of the season 
nor is there a regular succession of different pickings arrivmg at the giimery. 
Because of variation in the date of sowing and in growing conditions, a given 
lot of cotton may be composed partly from the early crop, and partly from 
the later crop. Consequently, in determimng the grade of a given sack of 
seed cotton, no attention is paid to the question of staple length. The only 
factors considered are the proportions of trash and of stamed cotton. As 
distinct from the Gezira, there are no half grades in use in the Gash, the 
SIX full grades running from i at the top of the scale to 6 at the lower end. 
Added to the grade number is a K to denote the origin and S or L according 
to vanety. Thus K3S or KSSS is third grade Gash Sakel of the Domains 
type, K5L is fifth grade Kassala Sakel of the X 1730A variety. 

Each lot of Gash Sakel is composed of about 200 bales, all of the same 
grade and from the same distnct. Careful mixing is earned out in the 
ginnery to reduce the bale to bale vanation within a given lot of cotton 
Since, however, staple length is not considered m gradmg, and also because 
bales from distncts are not mixed together, it may be found that the average 
staple of one lot of bales may differ appreciably from that of another lot 
of the same mark from a different district where growing conditions are not 
similar. The trash content and the proportion of stained cotton in the two 
lots would of course be similar 

The gmning factory at Port Sudan is run m two different sections. 
Domains Sakel being ginned in one half and X 1730*^ other. This 

practice was established to minimise the nsk of admixture of lint, or of 
seed of the two varieties. The factory also gins part of the Tokar crop, 
and this cotton is used as a ''balancer". When sufheient supplies of one 
of the two Gash types are not forthcoming, the portion of the factory 
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devoted to that vanety is completely cleaned. Supplies of cotton from the 
Tokar area are then ginned until stocks of Gash Sakel have again 
accumulated. 

(iii) Tokar 

Planting times in Tokar are irregular because of the dependence upon 
the annual flood, and consequently pickings are spread over a long season. 
At one time a given district may be picking early cotton and another may 
be picking late cotton. 

The free marketing of cotton in Tokar was restricted both during and 
following the war, although control of the crop has never been as stnct as in 
the Gezira or the Gash area Buyers travel over the Tokar region and buy 
seed cotton from individual cultivators, many havmg their customers 
scattered over the whole of the Baraka Delta. After the buyers have pur¬ 
chased the sacks of seed cotton, these are brought into Tokar where they are 
opened and classified by a Government grader. 

As in the Gash, tiie grading of the Tokar crop is based solely upon 
visible charactenstics, the amount of leaf and stained lint being the deter¬ 
mining factors. In some cases lustre may also be given secondary considera¬ 
tion in determining whether a given sack should be classified as the highest 
grade. There are five recognised full grades in the Tokar system, but m 
recent years only the first four of these have been effective. There has 
been an increasing tendency to ignore completely the fifth grade. Smce 
only one variety of cotton is grown in this area, the X 1730A type, there is 
no need to have a vanetal mark The Tokar grades run from TiC to T4C, or 
to T5C if this should be used. As may be seen from this classification, the 
Tokar grading system is not standardised against that of the Gash or the 
Gezira. About 70 per cent of the crop is classed as Grade i, partly because 
of the relatively umform climatic and moisture conditions over most of the 
crop season and partly because of the standard of classification Grade i 
in Tokar covers a wider range of quantity than in the Gash—^much of it is 
not equal to Grade 2 Gash L cotton (K2L). Some reorganisation of grade 
classification m Tokar would be welcomed by many consumers Certainly 
any grade, like TiC, which covers nearly three-quarters of a crop is too 
broad. 

After grading, the bags of seed cotton are re-allocated to several mam 
buyers. By ofi&cial arrangement, the seed cotton allocated to some of the 
buyers is sent for ginning to the Government factory at Port Sudan. The 
larger portion of the crop, usually 75 per cent of the total, is ginned at a 
pnvately-owned factory at the port of Suakin on the Red Sea coast some 
55 miles from Tokar. 

Because of the method of purchasing, the bales in a given lot may contain 
cotton from not only different pickings but also from districts widely apart. 
The cotton vanes somewhat in staple length as the season progresses and 
according to the conditions in the different distncts Consequently not only 
may lots of the same grade differ m average staple length, but also there 
may be marked vanation in staple (and other charactenstics) between bales 
in the same lot. 

(&) Sudan American. 

(1) Rain-Grown Cotton 

Because the ram-grown crop of Sudan American cotton is grown under 
much more primitive and difficult conditions than the irrigated crop of 
Sudan Sakel, and is of course of much lower value and quality, it is not 
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surpnsing to find that the system of grading is not as strict. The crop m the 
various areas is grown under the supervision of the Department of 
Agriculture, which makes itself responsible for the purchase of the cotton, 
its grading, ginning and subsequent sale abroad The Government have 
established ginneries, equipped with battenes of saw gins, in different 
distncts. The cultivators bnng their sacks of seed cotton to the ginnery 
in their area, where they are weighed and purchased. There are no fixed 
standards established for grading, the levels m force in the various areas 
depend largely upon the views of the Inspector of Agnculture or other person 
in charge, and may change somewhat as the personnel changes. The question 
of standards is discussed in the last section of this paper. The regulations 
allow for four full grades of cotton, 1-4, but in many distncts only three 
grades are in effective use The pnces for the different grades are fixed 
by the Government according to prevailing economic conditions and to the 
requirements of current pohcy In general, however, Grade i cotton 
commands a marked premium over Grade 2 cotton, and Grade 2 over trade 
3 The result of this is that the hand sortmg of seed cotton prior to sale 
is practised by the cultivators, m some areas on a large scale, in others 
only a little. Dirty and stained locks of seed cotton are removed to effect 
an increase m the grade of the bulk and so qualify for the higher price. 

Each ginnery is allocated a mark, to which is added the appropriate 
grade number, for the purpose of bale identification. In the Nuba Mountain 
area of Kordofan the ginnery marks all include the letters NM. Some of 
the ginneries in this area are at present closed because of the curtailment 
of cotton growing, for reasons given m Section VI. For completeness, 
however, a full list is given of the various ginneries and their marks* — 
Talodi—NMT; Kadugli—NMK or NMKK, Lagowa—NMKL; Kalogi— 
NMKA, Abu Gebeiha—NMKC, Urn Berembeita—NMKB; Dilling—NMKD 
Cotton from the recently developed flood irrigation area of Abu Habl, of 
the BAR SP. 84 t3^e, is marked NMAH 

In Equatoria the Mendi ginnery uses the mark MER Cotton grown 
in the Upper Nile province was ginned at Sennar under the mark UNM. 

(ii) Irrigated Cotton 

As mentioned above, the only appreciable crop of perennial irrigated 
American cotton now grown in the Sudan is that from Zeidab This cotton is 
grown, graded and marketed under the control of the Sudan Plantations Syn¬ 
dicate. It is classified under six full grades, ranging from N down to 6N. 
Half grades are not in general use except at the upper end of the scale, where 
the highest quahty cotton is classed as Grade i extra, and marked XN The 
proportions of trash and stained cotton are the major factors considered 
in determining grade; staple length is also considered to a limited extent. 

V. THE SUDAN SAKEL CROP 
(a) Characteristics and Production. 

The main Gezira crop from the concessions of the Sudan Plantations 
Syndicate and the Kassala Cotton Company is now raised on an area 
exceedmg 200,000 feddans. The quantity fluctuates according to growing 
conditions and pest and disease attack. In a good season it may amount 
to more than a million kantars,* or roughly 250,000 bales (400 lb.). In a 

* In the Sudan the statistics of production are expressed in terms of Isantars of 
seed cotton, of weight approximately 312 lb One kantar of seed cotton is roughly 
equivalent to 95 lb. of ginned cotton in the case of Egyptian varieties, and about 90 lb. 
for American t5q)es Thus 4 kantars of seed cotton is roughly equivalent to one bale 
of 400 lb. 
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Sudan Cotton Crop : Production by Varieties 
(in thousands of kantars 1 kantar = 100 lb of lint cotton, approximately) 
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Table 11 

Sudan Cotton Crop : Area by Varieties 
(in thousands of feddans. 1 feddan = 1*04 acre) 
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Table III 

Results of Fibre and Spinning Tests, Oezira and Gash Cottons 
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poor season the yield may fall to about 600,000 kantars or 150,000 bales. 
Figures for the area under cotton and the total yield dunng recent years 
are given in Tables I and II. 

The Abdel Magid area is the largest of the White Nile Alternative 
Livelihood Schemes and now grows more than 10,000 feddans of cotton, 
giving a crop of about 10,000 bales in an average season. The other areas 
in the Livelihood Scheme are much smaller and their yields and areas are 
included m the figures given in Tables I and II. The group of private 
estates irngated by pumps drawing water from the White Nile grow about 
11,000 feddans of cotton each year. The area owned by the Mahdi accounts 
for most of this. 

The Tokar area vanes from about 20,000 to 50,000 feddans, accordmg 
to flood conditions, with an annual crop of 30,000 to 150,000 kantars, ue, 
about 7,000 to 35,000 bales 

The area under cotton in the Gash fluctuates less than in Tokar, because 
of greater control of the flood waters. The crop usually amounts to between 
10,000 and 25,000 bales, it is generally smaller than the Tokar crop 

Fibre and spinning tests are made annually at the Shirley Institute on 
a range of samples of the commercial Sudan Sakel crop. It is only within 
recent years that arrangements have been made to test a representative 
series of samples covenng the more important grades and types. These 
samples are received from a number of sources, including the Raw Cotton 
Commission (previously the Cotton Control, Raw Cotton Section), the 
Sudan Plantations Syndicate, the Sudan Government and the Empire 
Cotton Growing Corporation. The results of tests obtained to date, whilst 
not sufficiently extensive to provide an accurate measure of the quality 
of a particular type in a given season, nevertheless enable a broad picture 
to be obtained of the character of the different grades from the vanous 
crops. 

The samples examined in most detail are the Domains Sakel and X 1730A 
types of the main Gezira and Gash crops For ease of description in referring 
to these cottons, we shall use G(S) to denote Domains Sakel grown m the 
Gezira, a specific grade of it will be given its correct mark, XG2S, G3S, 
etc., according to usual trade practice Similarly G(L) is used for the 
X 1730A type from the Gezira, K(S) for Domains Sakel from the Gash, 
and K(L) for X 1730A from the Gash. 

Average values of fibre and spinning test results, made on representative 
samples of the 1944/45, 1945/46 and 1946/47 crops in different grades of 
these styles of cotton, are given in Table III 

As previously outlined in this paper, grade is a composite classification 
based upon a number of widely different characteristics such as trash content, 
proportion of stained Imt and, m some cases, staple length, feel, and lustre 
Consequently the grade classification for any one t57pe cannot be expected 
to be exactly, or even closely related, to any single measured character of 
the fibre or the processed yam We can only show the average tendency 
for fibre and yam charactenstics to vary with grade and type 

The relation between grade and trash content will be considered first. 
The trash content has been measured by tests made on the Shirley Analyser, 
a machine designed to separate clean lint from impunties such as broken 
leaf, stalk and other forms of dirt. The average results for trash content, 
given in Table III, are plotted in the diagram of Fig i Reference to this 
diagram shows that, grade for grade, Gezira cotton of both the (S) and (L) 
types is cleaner than Gash cotton. There are two mam causes of this 
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Fig I 

difference In the first place there is no close co-ordination of grading 
practices in the two areas. Cotton classed as Grade 2 in the Gezira would 
not necessanly be classed as Grade 2 in the Gash. Secondly, growth con¬ 
ditions m the two areas are very different and apparently plants grown in 
the Gezira do not shed as much bract and leaf material on to open bolls as 
plants grown in the Gash The more regular and frequent pickings made 
in the Gezira, arising from the steadier development of the crop, is also 
conducive to the gathering of clean lint Pickings are made less frequently 
in the Gash and consequently there is greater opportunity for the lint to 
become contaminated with shedding plant debris. In addition to the effect 
of environment on trash content there are differences due to variety G(L) 
cotton is consistently cleaner than G(S) cotton of the same numerical grade, 
and, at least in the better grades K(L) is cleaner than K(S) That this effect 
does not arise out of environmental differences is shown clearly by the 
results of tests on samples from controlled variety trials In 18 cases out of 
20 recent pairs of comparisons, each pair grown under identical conditions, 
X 1730A was cleaner than Domains Sakel On the average Domains Sakel 
contained nearly 30 per cent, more trash than X 1730A 

The variation of staple with grade is shown graphically in Fig 2 In 
this diagram the results for ''Effective Length'" are plotted accordmg to 
type and grade. The effective lengths of the G(S) marks fall fairly regularly 
from a value of about 51/32 inch in Grade i Extra to 45/32 inch in Grade 
6 The highest grade of K(S) cotton averages about 48/32 inch, somewhat 
shorter than the highest grade of G(S) cotton. The middle grades of K(S) 
cotton are, however, longer ihan the corresponding grades of G(S) cotton. 
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Fig 2 

For the X1730A type of cotton the top grade of G{L) is slightly longer 
than the top grade of K(L), but the reverse applies over the bulk of the 
middle grades 

The greater difference between the staple of the highest and lowest grades 
of Gezira cotton compared with Gash cotton may be expected m view of 
the differences between grading practices in the two areas In the Gezira 
direct attention is paid to staple length in allocating the appropriate grade 
classification to a given bulk of cotton Other things bemg equal, cotton 
of long staple is classed in a higher grade than cotton of shorter staple In 
the Gash, however, staple length is not directly considered in determining 
grade. Although the length of Gash cotton shows a tendency to fall with 
falling grade this does not occur as a result of the system of grade classification 
but because variation in staple length is loosely associated with vanaton 
m other factors which are noted and used in determining grade Cotton 
picked early in the season is generally graded high because it is clean, and 
free from stain associated with pest attack. Cotton from the end of the crop 
IS usually dirtier, contains increased amounts of stained matenal, and is 
given a low grade These low grade cottons are often shorter than the 
earlier and higher grades, either because of the effects of pests or diseases 
on the plant or because of the decline in favourable growing conditions as 
the season progresses. 

The results of " Immatunty Counts'" show no consistent difference 
between the fibre immatunty of (S) and (L) cotton of the same grade and 
ongin. In both the Gash and the Gezira, maturity falls with grade, partly 
arising from change in growth conditions and partly from the effects of pest 
and disease on the plant. Reference to the diagram in Fig. 3 indicates that 
the dechne in maturity from top to bottom grade is more pronounced for 
Gash cottons than for Gezira cottons, not unexpected in view of the 
differences in irrigation and growth in the two areas. 

The figures for " standard fibre weight per cm " in Table III show 
that Domains Sakel, with an average value of about 143 is appreciably 
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Fig. 3 

finer than the X 1730A type with an average of about 160, In each case the 
same average figures for fineness have been given by Gezira and Gash 
material. Although there is no gross over-all place " effect, the results of 
annual tests on experimental material show that environmental differences 
sometimes occur. In some seasons it has been found that all strams from 
one vanety trial in one locality have given somewhat higher values than 
the same strains grown at a different place. 

For both Domains Sakel and X 1730A cotton from the Gash, the standard 
fibre weight is less for Grade 6 than for the higher grades, presumably on 
account of the particular growth conditions in this area. 

Routine spinning tests have been made in the Shirley Institute spinning 
rooms on a wide range of samples of Sudan Sakel. The spinning procedure 
is standardised for ease of comparison and rapidity of testing All samples 
of Sakel are combed, with 20 per cent, waste removed, and spun with a 
twist factor of 3-5 The average lea count-strength products of spinnings 
made on samples of different grades and types of the Gezira and Gash 
crops are given m Table III. 

The figure given for ''Highest Standard Count" of a cotton is not the 
highest count to which the cotton may be spun. For combed yams it is 
taken to be the highest count which has a lea count-strength product greater 
than or equal to the arbitrarily chosen level of 2,250. The highest standard 
count should be regarded as providing a single figure, partly summarising 
the results of several spinnings in different counts, which may be used m 
making general comparisons of the yam strength of different samples of 
cotton. For a fuller discussion of this measure see Parts I and II of this 
series and also a recent paper by C. Underwood in Empire Cotton Growing 
Review, 1949, Vol 26, p i. 

For the Domains Sakel grown in the Gash, reference to Table III indicates 
that the yam strengths of the first five grades are little different, with the 
highest standard count averaging about no. For Domains Sakel from the 
Gezira there is, however, a progressive decline in yam strength from Grade 
I to Grade 6 Alternatively, we may make the comparison on the basis of 
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count-strength product. For ease m companson, and for increased 
accuracy, we use in this paper the average lea count-strength product of 
the 80s and lOos spinnings. (The procedure is jusbfied because of the well- 
known linear relation between count-strength product and count for any 
cotton. Consequently the average of the 80s and loos results gives an unbiased 
estimate of the count-strength product in 90s count, one subject to less 
expenmental error of determmation than either of the separate count- 
strength products.) The average coimt-strength product of 90s K(S) cotton 
m Grades 1-5 is about 2,490. For G(S) cotton the count-strength product 
falls from tfbout 2,520 at Grade i to 2,300 at Grade 5. Grade K6S averages 
a product of 2,430 compared with 2,270 for G6S. It will be noted that the 
strength of XGS is somewhat lower than that of GS 

The X 1730A or ‘‘L" type of cotton gives yam strengths appreciably 
below those of the Domams Sakel. The top five grades of K(L) cotton 
average about 87 for highest standard count, fallmg to about 76 for K6L. 
This may be compared with a steady decline from a figure of 8g for the 
better grades of G(L) cotton down to 68 for G6L. On the basis of lea 
count-strength product of 90s yam, the average of grades KL to K5L Gash 
cotton is about 2,210 falling to 1,990 for K6L. This compares with figures 
of 2,230 for the higher grades of G(L) cotton falling progressively to 1,850 
for G6L. 

In Fig. 4 the average count-strength product of 90s yam has been 
plotted against the corresponding grade category for the Gezira and Gash 
types of both S and L cotton. The diagram enables a qmck visual com¬ 
parison to be made between the strengths of the two types in both areas 
and indicates how the strength varies through the different grades 

A comparison of the characteristics of Sudan Sakel cotton with some of 
the long-staple types from Egypt is of practical interest. In the second 
paper of the present series (Part II, Egjqit) a summary is given of the 
fibre characteristics and results of spinning tests on samples of vanous 
Egyptian cottons. The average values quoted below are obtained from 
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samples which include some additional to those reported m the earher paper 
The most interesting comparisons are those between Egyptian Kamak 
and Sudan Domains Sakel, and between Eg3^tian Menoufi and the 
(X 1730A) type of Sudan Sakel. In Table IIIA we give test values on 
samples of Kamak which have averaged about grade F.G. + i (or Type 
155B in the Raw Cotton Commission list), and also reproduce the test 
values for G3S from Table III. 


Table HIA 


Type 

Effective 

length 

(1/32") 

1 

Short 

fibre 

0/ 

Standard 
fibre 
weight 
per cm 
( 10 -sgm) 

Trash 

content 

% 

Lea count- 
strength 
product 

Price, pence per lb, 
(List issued 

May 9th, 

1949). 


A} 1 

j 

80s 120 s 

Gezira Sakel 
G3S 

48 

29 

144 

1 3 

2580 2100 

42 06 

Karnak 165 b 
FG. -hi 1 

49 

32 

136 

1 7 

2640 2160 

42-05 


These two cottons are listed at the same price but differ slightly 
in their characteristics. Karnak in grade F.G. + J is slightly longer and finer 
than G3S and gives a slightly stronger yarn. The small advantage of 
increased yam strength is counterbalanced by a small excess of trash, 
Kamak containing i 7 per cent, compared with i 3 per cent for G3S. 

It might be added that the increase in yam strength of Kamak Type 
155B over G3S is rather less than would be expected from the values of 
its length and fineness The explanation of this appears to lie in the fibre 
strength. Bundles of fibres broken on the Pressley Tester*^ have given 
figures for intrinsic fibre strength which are lower for Kamak than for 
Gezira Sakel, This lower fibre strength of Karnak partly counterbalances 
the advantages of the greater staple length and fineness. 

A number of spinners have remarked that Kamak tends to give a 
somewhat more neppy yam than Gezira Sakel, Although a sample of average- 
grade Kamak is longer, slightly more irregular in staple, slightly finer and 
possibly a little more immature than a sample of medium-grade Gezira 
Sakel we hesitate to ascribe the complaint of greater proneness to neppiness 
to any one of these small differences Experience at the Shirley Institute 
has shown that increased staple length and fineness, fibre irregularity and 
fibre immaturity all tend to give increased neppiness. It is possible that the 
cases in which complaint is made of greater neppiness of Kamak have arisen 
because of the unavoidable combmation of all these small differences, but 
no conclusive evidence is available on this point 

The Egyptian Menoufi f cotton averages 47/32 inch in effective length 
and about 153 in standard fibre weight per cm It is, therefore, of about the 
same length but somewhat finer than the middle grades of Gezira G(L) 
type of cotton The results of spinning tests on a range of samples indicate 
that Menoufi gives yams which are a little stronger than those spun from 

*For a description of tlie details of the Pressley Fibre Strength Tester see A STM 
Bulletin, October, 1942 , pages 13-17 It is not the purpose of the present paper to 
give an exhaustive investigation into the relation between fibre characters and yam 
strength It is hoped to publish a separate paper on this aspect of the work at a future 
date, and incorporate m it the relations found to exist in a general range of world cottons 
and not Sudan Sakel in particular 

fThis comparison refers to the original issue of Menoufi seed, the recent mtrodnc- 
tion of Improved Menoufi is finer and of greater intrinsic fibre and yam strength than 
ordinary Menoufi 
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the middle grades of Gezira G(L) cottoa and a little weaker than those j&rom 
the middle grades of Gash K(L) cotton. The results on a hmited number 
of tests made on the Shirley Analyser show that Menoufi cotton contains a 
little more trash than the middle grades of K(L), and appreciably more than 
the middle grades of G(L) cotton. 

Test results on samples of Sudan Sakel from other areas in the country 
are not available in the same detail as for the mam Gezira and the Gash 
crops Where samples have been received in some or all seasons from 
1942/43 to 1946/47, the average values of tests made on the material are 
given in Table IV (p *] 0 ), 

A number of samples of the top grade, TiC, of the Tokar crop grown 
from the X 1730A seed have been received and tested at the Shirley Institute. 
Comparison between the fibre characters and the yam strength of this type 
with the value for G(L) cotton indicates that it is more or less equivalent 
to about XG3L or G2L. The TiC samples have, however, give a value 
of I 9 per cent for the trash extracted by the Shirley Analyser, compared 
with about I o per cent for typical G2L cotton. Consequently the cash value 
of TiC would be considered lower than that of XG3L or G2L on account 
of this excess trash. So far, insufficient tests have been made on the other 
three grades of this crop to permit the drawing of any broad conclusions. 

The Mahdi Pump Scheme area on the White Nile now grows Domains 
Sakel cotton, although a few seasons ago some X 1730A type was also 
produced The results of tests on samples of the former type (see Table IV) 
show that the higher and middle grades of Mahdi Domains Sakel are shorter 
and of lower yam strength than the corresponding grades of the main-crop 
G(S) cotton. The lowest grades of the Mahdi cotton are shorter than the 
better grades, and about equal m length and of slightly stronger yam 
strength than the bottom grades of G(S) cotton Although a full senes of 
trash measurements have not been earned out on this set of samples, the 
results available show that, in the middle and bottom grades, the Domams 
Sakel from the Mahdi area is dirtier than main-crop Domains Sakel from 
the Sudan Plantations Syndicate zone. Consequently there may be a marked 
difference in character between two samples of the same grade number, 
one from the Mahdi area and the other mam-crop Gezira Domams Sakel. 
This result is not surpnsing in view of the cottons being grown in different 
areas, assessed for grade by different sets of seed cotton classifiers who do 
not necessarily work to the same standards, and finally being ginned in 
different gmmng centres It should be added that these results are based 
mainly on samples of Mahdi cotton from the 1944/43 crop, and a wider 
range of material might show slightly different tendencies 

In the 1943/44 and 1944/45 seasons, when the Mahdi area also grew 
some of the L type of cotton, a few tests were made on some of the higher 
grades, from MXL to MX2L These samples averaged about 48/32 inch 
in effective length, 164 in standard fibre weight per cm, and 85 in highest 
standard count determined from spinning tests. These figures do not differ 
greatly from those given by corresponding grades of main-crop G(L) cotton, 
the Mahdi samples being a little shorter in staple and slightly weaker m 
yam strength. 

A number of tests have been made on commercial samples of cotton 
from the Abdel Magid area, in which the X 1730A stram cotton is grown 
The results of these tests are given m Table IV and may be compared with 
results for G(L) cotton given m Table III Grade for grade, the Abdel 
Magid cotton is longer than the mam-crop G(L) cotton and also of higher 
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yam strength. The figures for trash content, measured by the Shirley 
Analyser, show that Abdel Magid cotton contains about the same amount 
of trash as G(L) cotton of the same grade, as would be expected because 
the Abdel Magid crop is graded and ginned at the ginnery which serves the 
northern part of the Sudan Plantations Syndicate and the Kassala Cotton 
Company area 

Analyser tests made on samples of Domains Sakel cotton from the White 
Nile Alternative Livelihood areas have given slightly greater trash figures 
than tests on samples of corresponding grade of mam-crop Sakel of the 
G(S) type The higher grades of White Nile Sakel are of about the same 
staple as the higher grades of G(S) cotton, but in the lower grades the staple 
does not fall off as rapidly as the G(S) cotton. This may be explicable on 
the grounds that the two crops are graded and ginned at different centres, 
in addition to differences in growing conditions in the two areas. The 
yam strengths of the best grades of White Nile cotton are not quite so 
high as the best grades of G(S) cotton, but there is little consistent difference 
in strength between corresponding samples of middle and low grade. 

The results of tests on a limited range of samples of X 1730A grown 
on the Gondal area on the White Nile are given in Table IV. These few 
results indicate that grade for grade this part of the Gondal crop is of 
somewhat shorter staple length and lower yam strength than the correspoijd- 
ing mam-crop G(L) type of cotton. 

Since writing this paper the results of tests on the 1947/48 crop have 
become available Compared with the average figures in Table III, the top 
grades of mam-crop G(S) cotton were a little longer in staple and gave slightly 
better yarn strengths G(L) cotton was of similar staple but slightly more 
irregular and contained more trash, giving slightly lower strengths than 
average. The Gash K(S) and K(L) types also gave more trash than usual 
Compared with corresponding results m Table IV, the Abdel Magid grades 
contained more trash, the top grades of Gondal were slightly shorter and 
weaker, and White Nile cotton was very similar, 

(2?) Seed IVIaintenance and Multiplication. 

Since the Domains Sakel and X 1730A strains have now both been 
grown virtually unchanged in character (apart from seasonal fluctuations 
and vanations associated with area of growth and with classified grade) 
for a period of many years, the Sudan Sakel crop has gradually established 
a firm market among spmners of Eg3q)tian-t37pe cotton m both this country 
and abroad The present policy of the Sudan is to maintain the growth of 
these types in quantities rather greater than m the immediate pre-war 
seasons. Nevertheless intensive breeding is in progress on both types and 
has two mam objects 

The first general aim of the Sudan Government and the Sudan Plantations 
Syndicate is to maintain the average qualities of each type at about the 
present levels since the cottons are giving satisfaction to the consumer. 
Part of the breeding work of the Research Division is devoted towards 
improving the uniformity of the two crops, both with respect to the 
character of the raw cotton and of the plant, and this work Imks up with 
the practical problem of propagation of uniform seed stocks to avoid all 
risks of degeneration. A broad outline of the methods of seed propagation 
and the development of purified seed stocks is described in this section of 
the paper. The second aim of the authonties is to breed new stocks of 
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seed having fibre characters identical with those of the present types but 
with improved plant character such as increased resistance to pest and 
disease attack, earlier habit, etc. This part of the work is described in 
Section VII of the paper. 

As mentioned previously, the early seed production policy in the Sudan 
depended upon obtaining fresh stocks of high quality Domains Sakel seed 
from Egypt, seed which had been grown under controlled conditions on 
the farms of the Egyptian State Domains The seed from Egypt was 
multiplied on the Barakat Seed Farm of the Sudan Plantations Syndicate 
and issued for cultivation in the Gezira Fresh supplies of Domains Sakel 
seed were imported at irregular intervals, the last major importation being 
in 1935 This policy became impossible following the decline and ultimate 
extinction of Sakel cotton in Egypt. A small entry of seed in 1941 was 
subjected to trial, found to be of inferior quality, and was not used for 
multiplication purposes. 

A new seed multiplication programme for Domains Sakel cotton has 
become gradually established since the middle 1930's The Barakat seed 
farm now maintains a nucleus stock of seed which is regularly '"rogued" 
for removal of off-type plants. Surplus seed from this nucleus area is 
expanded in the following season and the crop gives sufficient seed for 
growth on the mam propagation area on the farm in the third season Seed 
from this crop is used in the next season to plant about half of the Gash area. 
The Gash acts as a filter for blackarm disease, the seed grown there is 
much freer from infection and is returned in the following year for plantng 
of about half of the much larger Gezira area 

A similar system is used for the X 1730A strain, multiplication from 
nucleus stocks is earned out on the Hamid el Nil Seed Farm under isolated 
conditions, planting is done for one year in the second half of the Gash 
and the seed is then returned for planting the remaining Gezira area not 
under Domains Sakel. The nucleus for X 1730A was not, of course, denved 
from Egypt but from the leaf-curl resistant selection made in the Sudan as 
desenbed m Section 11 ( 6 ) 

A few years ago the Government and Syndicate decided that the seed 
supply of the Domams Sakel strain should be purified to obtain a more 
uniform nucleus stock containing plants all of typical Sakel type and bearing 
lint of typical Sakel quality, A nucleus field of Domains Sakel on the 
Barakat Seed Farm, sown with hand-picked seed and rogiied three times 
by the Inspector in charge of the Farm, was carefully examined. From 
the field 268 typical trees were chosen and various characters were analysed 
by S. H. Evelyn at the Gezira Research Farm. Of these selections, 14 were 
immediately discarded on account of the poor appearance of combed 
halos and the remaining 254 plants were exammed for seed weight, Imt 
weight, ginning out-turn and mean maximum fibre length on stretched seed 
cotton fibres The mean values of these characters were determined and it 
was found that there were marked differences between plants A "punty" 
test was applied and only 43 plants were retained, each of which gave 
values for the four characters falling within fairly narrow limits of the 
corresponding mean values given by all plants in the bulk 

In the 1943/44 season separate progeny rows of the 43 purity selections 
were grown and the matenai from them was again examined Selfed seed 
of 13 of the purest families was bulked together for multiplication In the 
1944/45 season a small bulk quantity of Evelyn's Selected Sakel was grown 
at the Barakat Seed Farm and a sample of the lint was sent to the Shirley 
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Institute. This sample was compared with a sample of standard Domains 
Sakel grown on the Gezira Research Farm as it was not found possible to 
obtain a strictly comparable lot from Barakat The results of these tests 
are given in Table V and indicate that the Selected Sakel was about A* inch 
longer in staple than Standard Sakel and not appreciably different m yam 
strength. 

In the 1945/46 season a number of wholly comparable pairs of samples 
were sent to the Institute for examination Four pairs of Selected and 
Standard samples were grown on the Barakat Seed Farm and were classed 
by the Chief Cotton Classifier of the Sudan Plantations Syndicate in grades 
1-4. Two other pairs of samples were from Vanety Trials, one on the Gezira 
Research Farm and the other from Abu Wafi, near Turabi, in the northern 
part of the Gezira These samples were classed as Grade 6. The samples 
have been divided into two groups, the first containing Grades 1-3 and the 
second Grades 4-6 The average test results on these groups are given in 
Table V. In the first group of samples the Selected Sakel was about ^ inch 
longer than the Standard type and also a little finer as judged by standard 
fibre weight per centimetre. Spinning tests gave yam strengths which were 
greater for the Selected than for the Standard. For some reason unexplained, 
the results given by the Standard Sakel m Grades 1-3 are anomalous for 
this type of cotton Particularly m the coarsest count (80s), an exceptionally 
low yam strength was obtained. This results in the 80s spinnings presenting 
a more favourable picture of the Selected type than the results in 120s 
spinnings, one which is not typical of the general behaviour. There was 
little difference in fibre length, fibre fineness or yarn strength in the second 
group of lower-grade cottons 

In the 1946/47 season ii pairs of samples from different parts of the 
Gezira were sent by the Research Division to the Shirley Institute for 
examination. These vaned from Grade i to Grade 6 and have been 
classified in three groups, each containing either three or four samples. 
Table V shows that possibly in Grades 3 and 4 the Standard type gave rather 
better results than the Selected, in Grades i and 2 there was little difference, 
and in Grades 5 and 6 the comparison was possibly m favour of the Selected 
type. The differences are small and cannot be regarded as significant. 

In this season a set of five comparisons was also made at the Institute 
on matenal grown in the Gash under bulk cultivation conditions The 
differences between coirespondmg samples of Evelyn's Selected Sakel and 
the Standard Main-crop Sakel was small, the latter type this time being 
generally slightly stronger. It might be added that since the matenal was 
grown under bulk conditions on different areas in the Gash, the companson 
between the two types was not so rigid as m previous cases when the 
cottons had been grown together under almost identical conditions 

In all three seasons there have been no consistent differences between 
the appearance of the yarns in corresponding pairs of the two types, 
sometimes the Selected material being better and at other times the com¬ 
panson going in favour of the Standard type. The results of tests to date 
indicate that there is no pronounced difference in the character of the cotton 
from the two seed stocks 

Side by side with these technical tests the usual wide range of field tests 
have been made in the Sudan The results so far indicate that, although 
there is no large difference in gross yield between the Selected and Standard 
seed supplies, any difference which does exist is in favour of the more 
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uniform Selected material. In particular, the Selected Sakel gives a higher 
proportion of its crop in the upper grades 

The above programme has been described in detail to indicate the careful 
checks which are being made in the Sudan to ensure that there is not likely 
to be either any slow decline in quality, or a sudden change, m the 
characteristics of the Domains Sakel crop. If, after further trials, a decision 
is made to use the purified selected stock as the future nucleus of the crop, 
spinners will continue to receive the same quality of cotton as they have had 
previously for a penod of many years. 

VI. THE SUDAN-AMERICAN CROP 
(a) Rain-grown Cotton 

The Nuba Mountains, the mam area in the country for the rain-grown 
crop of Amencan cotton, contain close on ten million acres of arable land 
of which only about six per cent, is under cultivation In the five seasons 
preceding the war the area under cotton was a little over 100,000 acres, or 
about one-sixth of the total cultivated The average crop dunng this penod 
amounted to about 100,000 kantars (each of 315 rotls of seed cotton) or 
about 25,000 bales (400 lb.), and indicates the great progress which had 
been made from 1924 when cotton was first introduced as a cash crop and 
yielded less than 40 bales Dunng the war it became necessary to restrict 
cotton growing, partly because of war-time difficulties of transport and 
marketing and partly because of the need for increased gram production. 
As a result, the area under cotton fell until it reached the low level of 4,400 
acres m the 1945/46 season. The Government avoided the complete dis¬ 
appearance of cotton growing by keeping two ginnenes open, so preventing 
the commercial seed slocks from becoming extinct During the later war 
years, and at the beginning of the post-war period, the pnce of grain rapidly 
rose and cultivators required little persuasion to grow it in preference to 
cotton Cotton pnces have now been increased however and the peasants 
are anxious to grow cotton again as a cash crop The cotton area in the 
1947/48 season showed an increase over the level in the previous season. In 
the 1948/49 season the area under cotton greatly expanded and the crop 
was trebled, reaching a level comparable with many pre-war years. Given 
favourable conditions and prices it may be anticipated that there are good 
prospects of large crops in this region. 

Before the war, seed expansion from nucleus stocks was made at the 
Kadugli Sub-station and Farm of the Research Division, and in isolated 
areas where members of the staff could exercise a certain amount of super¬ 
vision. The inauguration of the Abu Habl Scheme may prove a valuable 
help for bulking up seed stocks in the future The yields should be greater 
and more constant than in areas relying solely upon rainfall and so should 
matenally increase the initial propagation rate An appreciable crop of 
BAR.SP 84 was grown on this scheme during the 1946/47 season in order 
to increase the seed stocks 

Before the war the Upper Nile Province produced small amounts of 
ram-grown American cotton. The size of the crop showed marked seasonal 
fluctuations and rarely exceeded 1,000 bales As mentioned above, cotton 
growing ceased in this area dunng the war and there appear to be no 
immediate prospects of its commencing again on an appreciable scale 

In Equatoria the peak production of rain-grown American cotton was 
in the 1935/36 season when it amounted to more than 5,500 bales. In most 
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seasons it was considerably lower, usually about 3,000-3,000 bales During 
the later war years difficulties of transport caused the Government to cease 
giving active encouragement to cotton growing in this area and the crop fell 
to a low figure of about 200 bales in 1942/43^ later increasing somewhat. 
The mam areas are centred around Meridi and Yambio It is doubtful 
whether there are any prospects of large crops for export in the near future 

Over a penod of more than 20 years large numbers of cotton and spinning 
tests have been made on various samples of the different strains from 
expenmental trials, and from propagation areas, m the Nuba Mountains 
The results of some of these'tests are summansed m Table VI, For cottons 
under consideration at the present time, the results given in this table refer 
to samples received from the 1940/41 season onwards For some varieties 
of which growth has now ceased, the Table contains results from about 
1936/37 onwards m order to include sufficient within one group to ensure 
that the average figures are reasonably reliable It may be added that 
Table VI contains many strains which have never emerged from the 
expenmental into the commercial stage. Since this paper is written for 
reference of cotton breeders as well as industnal consumers it is felt that 
the inclusion of purely experimental mateiial is desirable on the grounds 
that agncultural workers frequently interchange material and hence are often 
interested in the quality of strains of cotton tried elsewhere. 

Pump Scheme Strain 

Although the Pump Scheme Strain was developed for growth on the 
northern pump irngation areas on the Nile (for its origin see Section II (c)} 
the rapid development of the Nuba Mountain aiea from the middle 1920's 
onwards resulted in far more of this cotton being produced under rain-grown 
conditions than under irrigation Table VI contains the results of tests on 
a range of samples of this cotton received over several seasons from the area 
around Kadulgi and Talodi. The effective length of the cotton has averaged 
37/32 inch and its fineness as measured by standard fibre weight per cm 
is 192 Spinning tests* on samples of Pump Scheme Strain have given 
lea count-strength products of rather more than 2,200 in 40s count and 
about 2,040 m 50s count Since many of these samples have been grown 
under the best conditions of cultivation it is not surprising that samples of 
the commercial crop have averaged a yarn strength about seven per cent 
lower than the above figures 

Included in the Table are average test figures obtained from two ranges 
of typical Amencan cottons imported into this country from the U.S.A The 
first group of these Amencan cottons have averaged about 36/32 inch 
(corresponding to approximately i inch staple length on the basis of the 
Official American Standards) and the second group about 40/32 inch (or 
about li inch staple) It will be noted that, in common with most other 
Empire types of American cotton, Pump Scheme Strain is appreciably 
finer, more immature, and of higher yarn strength than U.S.A cotton of 
similar staple length. 

BAR. SP, 84 (or BAR. 7/1) 

Seed of the SP 84 variety was imported from Uganda in 1940 and in 
trials at Shambat was found to be partly resistant to blackarm disease The 

* Spinning tests on samples of all Sudan-Amencan types h 4 ve been made in carded 
qualities with a twist factor of 3 75 
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strain BAR.SP 84 is the component carrying the Ba* resistance factor and 
was ''sifted" out of the onginal bulk stock. Compared with Pump Scheme 
Strain, BAR.SP.84 is a fairly hairy type of plant, sufficiently hairy to 
withstand most jassid attacks in the Nuba Mountains and has a five per cent, 
greater ginning out-turn. BAR SP.84 also possesses the advantage of being 
appreciably earlier in growth than Pump Scheme Strain. Even with fairly 
early plantings BAR.SP.84 gives higher yields than Pump Scheme Strain, 
but under late conditions the difference is more marked. Because of the 
rapid spread of "hang"' cultivation and the necessity for an early type, 
the immediate choice of a suitable commercial cotton for the Nuba Mountains 
now appears to lie between BAR,SP.84 and the NT 205/43 strain 

The results of fibre and spinning tests on samples of BAR.SP.84 3-re 
given in Table VI. This cotton is about :h mch greater in effective length 
and IS slightly coarser in standard fibre weight per cm. than Pump Scheme 
Strain, giving slightly weaker yarns. Selection, breeding and expansion of 
BAR SP.84 IS still in progress in the Nuba Mountains and it may be added 
that the results of the latest tests available for this cotton gave little difference 
between its yam strength and that of Pump Scheme Strain. 

Over a penod of years, it has been observed that yams spun from Pump 
Scheme Strain are generally of better appearance with less neppiness than 
those spun from other strains of Sudan American cotton. Although Pump 
Scheme Strain is on the average more mature than the other strains from 
Kordofan listed in Table VI, the superiority is not always well marked and 
therefore does not appear to explain entirely the better yarn appearance 
associated with this cotton. It will be noted from the figures for percentage 
short fibre that Pump Scheme Strain is, on the average, more regular in 
staple than the other types. This greater fibre regularity would be expected 
to lead to better drafting in processing and so give improved yam 
appearance 

The slightly lower yarn strength and inferior yam appearance of 
BAR.SP 84 in comparison with Pump Scheme Strain can only be detected 
when the averages of a number of tests on each cotton are taken into 
consideration. From a commercial point of view there is not a great deal 
of difference between the characteristics of the two cottons In any case from 
a general economic view, the differences which exist in favour of Pump 
Scheme Strain are outweighed by the superior agricultural advantages of 
BAR.SP.84. BAR.SP.84 did not arise as a single plant selection but has 
been developed from a number of plants sifted out of the heterogeneous 
Uganda S P.84 stock. There is a fair amount of genetic vanance in the 
present seed stocks of BAR SP 84 and consequently further plant breeding 
might possibly be directed towards selecting a sub-strain more mature, and 
more regular in staple than the present type and so make the cotton an 
even more suitable replacement for Pump Scheme Strain. 

BAR.SP 84 has been adopted m the newer cotton areas around Yambio 
in Equatoria and generally throughout the cotton growing regions in this 
province The former main type, 511D, is a little shorter, and of slightly 
coarser standard fibre weight than BAR.SP. 84 and consequently gave 
somewhat lower yam strengths. 

NT.205 Strains 

The strain NT.203/41 is derived from bulk progenies from selections 
made by the Research Division in 1940 from the Uganda vanety SP 20, 

* For a description of the various factors for blackarm disease, see Section VII (a) 
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which itself was selected from the South African U4/4/2 variety 
NT 205/41 possesses many advantages needed for commercial success in 
the Nuba Mountains. It is a much earlier cotton than Pump Scheme Strain 
and has a ginning out-turn about 4^ per cent higher than this latter cotton 
Moreover it is resistant to jassid attack, has given greater yields than Pump 
Scheme Strain in a range of vanety trials, and is heterogeneous for resistance 
to blackarm disease, one component of it carrymg the Ba factor Reference 
to Table VI indicates that NT.205/41 has a slightly shorter length, a little 
coarser standard fibre weight, and a lower yarn strength than Pump Scheme 
Strain The cotton is more immature and more irregular in staple than 
Pump Scheme Strain and gives yarns of inferior appearance 

NT 205/42 is a re-sclection of NT.205/41 matenal, primarily sifted for 
^eater ginning out-turn and yield The figures in Table VI show that the 
effect of the selection has been to increase the standard fibre weight per 
cm. and effect a marked decrease in yarn strength. This strain has been dis¬ 
continued on grounds of unsatisfactory quality. 

NT.205/43 IS derived from several plants carrying the Ba blackarm 
resistance factor segregated from the heterogeneous NT.205/41 stock This 
vanety has all the desirable plant habits of NT.20S/41 together with the 
increased resistance to blackarm disease. From an agricultural point of 
view there is little to choose between NT 205/43 and BAR SP.84. Tests 
on a range of the two cottons show that NT.205/43 is shorter in staple, 
possibly slightly more irregular, and of .noticeably lower yam strength than 
BAR.SP.84. 

NT.205/43 IS a recent selection of NT 205 material which has given good 
results in the field. So far only two samples have been tested at the Institute 
for fibre and spinning characters. The results of these two tests suggest that 
NT 205/45 is a little longer and stronger than NT.205/43 but possibly not 
quite so good as BAR.SP 84 
[NT .58 Strains 

NT.58/39 originated from a selection made from an outcross m the 
513 strain (suspected to be Webber x 513) and was chosen for earliness and 
lint quality. It is a large-bollcd vigorous plant, fairly resistant to jassid 
and heterogeneous for blackarm resistance Fibre tests show that the cotton 
IS longer and slightly coarser than Pump Scheme Strain and consistently 
more immature It has a greater yarn strength than Pump Scheme Strain. 
^T,58/39 gives markedly lower yields than BAR.SP.84 ^.nd consequently 
Is not acceptable for growth in the Nuba Mountains 

N.T 58/42 was selected by the cotton breeders from NT 58/39 and results 
of tests on samples sent to the Shirley Institute show that it is shorter in 
staple, and of coarser standard fibre weight. Because of this it has given 
yams of appreciably lower strength than the parent stock. The cotton is 
unlikely to be adopted for general growth in the Nuba Mountains 

N.T.96/40 

NT 96/40 IS a selection made from an importation from Nyasaland of 
hybrid material (from 57x Over the Top). It was selected for quality and 
yield, and m a series of trials has given greater yield per acre than Pump 
Scheme Strain. NT.q6/40 is a large-boiled plant, resistant to jassid and 
heterogeneous as regards resistance to blackarm disease It is of about the 
same length as Pump Scheme Strain but a little coarser in standard fibre 
■weight and more irregular in staple Spinning tests indicate that its yam 
strength is somewhat below that of Pump Scheme Strain 
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BAR NT 96 IS the blackarm resistant component separated from 
NT 96/40 At the time of writing the only samples tested at the Institute 
are those grown under irrigation on a pump scheme where the seed was 
being increased As would be expected, the lint from this irrigated cotton is. 
longer than the ram-grown NT 96/40 cotton; the yam strength also showed 
an increase by an amount expected from the increase m fibre length. Further 
tnals in ram-grown areas will, of course, be necessary to evaluate the 
importance of this strain relative to Pump Scheme Strain and BAR.SP.84. 

Deltapme 

Bulk supplies of the Deltapme variety (derived from a cross between 
the Foster and Express strains) were obtained from the Delta and Pmelands 
Seed Co , U.S A. For a number of years this cotton was grown expen- 
mentally in companson with other types in Kordofan A small crop was 
raised by native cultivators and appeared on the market a few seasons ago 
Deltapme cotton is of fairly early habit, has a high seed weight and ginning 
out-turn and gives yields above those of Pump Scheme Strain The cotton- 
does not contain any ma]or factors for blackarm resistance, but is not 
entirely susceptible to the disease because of an accumulation of a number 
of minor genes Steps were being taken at Shambat to improve the resis¬ 
tance by crossing the cotton with the NT 61/38 strain (which contains the 
Bg factor) and subsequently back-crossing, but the decision to abandon the 
cotton from the commercial programme made this work unnecessary 

The decision of the Department of Agriculture to withdraw the strain 
from commercial cultivation was made on the basis of its fibre characteristics 
and not on its agricultural performance. The average results from a series 
of tests made on samples of this cotton are contained in Table VI. Deltapme 
cotton is of about the same staple length as the Pump Scheme Strain, 
contains more short fibre, is of greatci standard fibre weight per cm and 
gives yarns of markedly lower strength. The lea count-strength product 
in 40S count averages about 1,680 compared with the figure of 2,220 for 
Pump Scheme Strain. This lower yam strength of Deltapme partly arises 
because of the higher figure for standard fibre weight per cm but more 
especially because of the low intrinsic fibre strength (as measured by fibre 
bundle strength on the Pressley Strength Tester ) 

If expansion of the Deltapine cotton had been made throughout the 
Nuba Mountams the character of the Sudan-American crop would have been. 
completely altered Compared with American cotton from the U S.A of 
the same staple length, Sudan-American cotton gives yarns of consistently 
greater strength and this advantage serves as a compensation for the yams 
generally tending to be rather neppier than those spun from cotton of the 
USA. crop The Deltapine strain gives yams weaker than most others 
spun from cotton of the U.S A. crop of the same staple length and if it had 
been adopted for replacement of the mam crop then Sudan-American cotton 
would have suffered from a two-fold disadvantage and lost a considerable 
amount of its reputation 

Strains for Equatoria 

In Equatoria the first crops were grown from Pump Scheme Strain but 
breeding was carried out to obtain other t5q)es more suitable for the conditions 
in this part of the country. 

The strain XA 129 arose as a single plant selection from Pump Scheme 
Strain It is of sturdier habit, more vigorous and of better 5neld and great 
ginning out-tum Although shorter than Pump Scheme Strain, XA.129 has 
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given slightly greater yam strengths, largely on account of its somewhat 
greater fibre strength. The strain has not been grown as a commercial crop 
since the middle of the war when cotton growing ceased on the eastern side 
of the Nile. 

The strain 511 is a single plant selection from SG 85 (an introduction 
from Uganda and derived from the N 17 strain of Nyasaland Upland 
ongin) made in Shambat in 1930 Repeated selection gave nse to substrains 
511A, 511B, C, D and E, all of which were found by Knight to contain 
the Ba factor for blackarm resistance This material was found to be of higher 
yield (in some cases the advantage amounted to 40 per cent) than Pump 
Scheme Strain The 511D type was adopted for general cultivation in the 
western parts of Equatona. Samples of 511D tested at the Institute have 
been found to be about -h inch shorter than Pump Scheme Strain, a little 
coarser in standard fibre weight per cm., and of somewhat lower yam 
strength The 511E strain gave slightly better agricultural results than 5T1D 
but was not up to the level of Pump Scheme Strain The advantage over 
511D was insufficient to warrant the changing of the seed supply. The 
companson of 51 iD with the BAR.SP.84 strain has been made above, 

{h) Irrigated Cotton 

At Zeidab, where the last surviving crop of Irrigated Sudan-American 
cotton is grown, the seed supply is composed of the Coker Wilds strain 
grown from impoitations from the U.S.A. This Wilds cotton replaced the 
Coker Delta Webber No 3 (and later imported sub-strains of this type) 
used at Zeidab by the Sudan Plantations Syndicate for a number of years. 
In recent seasons the annual production has averaged about 15,000 kantars, 
less than 4,000 bales of 400 lb The Coker Wilds cotton is blackarm sus¬ 
ceptible but the low yields obtained m the Zeidab area do not arise from 
this but are caused by heavy losses following bollworm attack. The results 
of tests made at the Institute on the two top grades of commercial samples 
of Wilds cotton (sold under the Nseries of marks) are given in Table VI. 
These averages show that the cotton is of very long staple (effective length 
exceeding 46/32 inch compared with a typical figure of about 37/32 inch 
for the ram-grown crop of Sudan-Amencan) and fairly fine with a standard 
fibre weight averaging about 180. Because of the increased length and fine¬ 
ness compared with, say. Pump Scheme Strain, the Zeidab cotton gives 
yams of appreciably greater strength. In 40s count it has averaged a lea 
count-strength product of 2,400 compared with the figure of 2,220 for Pump 
Scheme Strain In carded yams this irrigated cotton is suitable for com¬ 
mercial use up to about 64s count. Its long staple makes it suitable for use 
in combed yams up to about 80s count, the combing not only increasing 
the strength of the yarn but affecting a marked improvement in appearance 
over that of the carded products Breeders and growers in the Sudan, and 
past users of the crop, may be interested in the comparison of the present 
Wilds type of cotton with other strains which were formerly grown on 
various irrigated areas. 

The strain known as 513 was derived from selections made about 1931 
by Trought from his own Punjab Early Strain from India. It was an early 
variety and out-yielded strains of later growth which frequently suffered 
heavier attacks of pink bollworm The 513 family of strains (several re¬ 
selections of the original material have been made) contains the B2 blackarm 
resistance factor By 1936, 513 had been adopted for commercial cultiva¬ 
tion in the Berber district, although later it was partly replaced by the 
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better quality XA 1129 strain described below Although 513 is of about 
the same length as Pump Scheme Strain and has a lower standard fibre 
weight per cm. it has given yam strengths consistently a little weaker than 
those of Pump Scheme Strain. The cotton is irregular m staple containing 
a high proportion of short fibre but this is not sufficient to explain the hw 
yarn strength which appears to be due to intrinsic weakness of the fibre. 

From Pump Scheme Strain was selected the 514 strain from which 
breeders made successive re-selections 514A, B, C, D and E. Under irngated 
conditions 514D and 514E gave higher yields than Pump Scheme Strain and 
were grown for a number of years in the Dongola district. The 514 sub¬ 
strains did not differ markedly in fibre characters. The matenal is longer 
and finer than Pump Scheme Strain with a yam strength greater by an 
amount expected on the basis of this increased length and fineness. The 
exact figures of tests made at the Institute on matenal sent from the Sudan 
may be seen by reference to Table VI 

The strain XA.1129 was derived by Bailey from an off-type in Meade 
cotton, seed of which had earlier been imported from the U.S A. XA.1129 
gave a higher ginning out-turn than Pump Scheme Strain and under 
irrigated conditions gave an earlier and heavier crop The strain does not 
contain any resistance to blackarm disease By the 1939/40 season it was 
being grown in the Dongola area (where it displaced the 514 strain mentioned 
above) and on parts of the Government estates in the Berber district, 
XA.1129 is of about the same length as the 514 class of cotton but a little 
coarser (with a standard fibre weight of 189 compared with 174). Despite 
the greater coarseness XA.1129 gave yarns of greater strength than those spun 
from 514 cotton. 

VII. IMPROVEMENT OF PLANT CHARACTERS AND LINT QUALITY 
{a) Development of Resistance to Blackaum. 

A description of the main manifestations of blackarm disease has been 
given in 'Section III. Because of the serious economic consequences of 
blackarm attack, this section is devoted to a more detailed account of the 
disease. 

The genetical basis of blackarm disease has been described in a series 
of seven papers by R. L Knight (joint author with T. W. Clouston in the 
first of the senes) published in the Journal of Genetics from 1939 onwards. 
In a memoir on " Breeding Cotton Resistant to Blackarm Disease {Empire 
Journal of Experimental Agriculture, 1946, XIV, 153-174), Knight gives a 
r6sume of the work m detail sufficient for most workers Other aspects are 
given in the annual ''Progress Reports from Experiment Stations" of the 
Empire Cotton Growing Corporation Some of this work on the development 
of plant resistance is summarised below 

With one or two exceptions of little commercial importance, G. barba- 
dense (which includes Egyptian and Sea Island cottons) has been found to 
be fully susceptible to blackarm disease In the American Upland group 
(G. hirsutum) many types are fully susceptible, but others have been found 
to contain a single gene, which has been called B^, conferring a considerable 
degree of resistance. Another gene, Bi, occurs in some types of American 
cotton but IS much weaker than B3 A third gene, Bj, has been isolated 
from punctatum cotton, (G hirsutum, var. punctaium, J B Hutchinson) 
and found to give important breeding results 

In the publications by Knight referred to above it has been shown that 
these genes may be transferred to susceptible types by a back-crossing 
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technique, and "Egyptian” strains of cotton carrying the main genes are 
now in existence. 

The Bi gene, fully dominant and originally obtained from a Uganda 
vanety known as B 31, is of little value in the breeding of resistant 
Amencan Upland cottons. It confers only a slight degree of resistance on 
fully susceptible Upland. Moreover, Knight has found that this gene is 
identical with a factor leading to a marked dwarf-bunched shape of plant, 
or else is linked so closely to another gene responsible for dwarf-bunched 
habit that the two appear impossible to separate. The secondary dwarfing 
effect associated with Bi makes the use of this gene impossible m many 
American types of cotton In barbadense cottons, Bi alone confers a certain 
but small degree of resistance to blackarm disease and may be used in 
breeding work without attendant trouble of dwarfing phenomena. 

The fully dominant Bg gene was also originally obtained from the B 31 
Uganda cotton, but it has since been found to occur in a number of other 
Upland and punctatum cottons. The addition of the B2 factor to susceptible 
Upland and Egyptian cotton confers a strong degree of resistance to black- 
arm attack. In barbadense material the synthesis of B^ and Ba in one strain 
gives increased resistance compared with that derived from Ba alone. 

The partially dominant B, gene alone confers marked blackarm resistance 
on a susceptible cotton, but its value both in Upland and Egyptian cotton lies 
in its additive effect, when used with Ba • 

The Ba and B^ genes are located on the same chromosome, but since the 
cross-over value is about 32 per cent, they may be readily isolated. Bi is 
independent of the other two, being situated on a different chromosome. 

The results of workers in the Sudan suggest that, in districts where black¬ 
arm attack is light or moderate, adequate resistance m Upland or barbadense 
material may be obtained from the use of B^ Whcie attack is likely to be 
heavy, Ba and B^ together will be required, and in areas where severe con¬ 
ditions are likely to occur then the three genes together may be needed for 
barbadense cottons. 

In Domains Sakel a programme is well advanced at Shambat for syn¬ 
thesising a type carrying Bi, B^ and B3. Tests have yet to be made on the 
lint of this material and consequently it is not yet possible to assess whether 
the complete transference can be made without effecting fibre quality. 
Nevertheless the results of work on the X 1730A type show that resistance 
can be introduced without any accompanying deleterious effect on the lint. 

The final stage m the X 1730A programme is also envisaged to be a black¬ 
arm resistant type carrying the three genes It is possible that the adoption 
of blackarm resistant cotton, both in the case of X 1730A and Domains 
Sakel, for commercial growth throughout the various areas in the Sudan 
will not be made until the final integration has been made and successfully 
tned over a period The expansion of, say, first a B3 type, followed later 
by one containing Bo and B,, and finally a third carrying all three resistance 
factors would provide a heavy load to the commercial seed propagation 
programme. 

Details are given below of some of the intermediate stages in the black¬ 
arm resistance programme for X 1730A. The transference of the genes con¬ 
ferring blackarm resistance was carried out by Knight at the Shambat 
Station, and the material then sent to the Gezira Research Farm for multi¬ 
plication, further selection and tnal by Evelyn The blackarm resistant 
American types have already been mentioned in Section VI above 
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The decision to concentrate the first part of the blackarm programme on 
the X 1730A cotton was made because this type is grown mainly in the 
southern part of the Gezira, the area having the greater rainfall and pre¬ 
viously liable to heavier attacks of blackarm than the drier northern region. 
The most advanced blackarm-resistant strain produced so far is that known 
as BAR X 1730L which is homogeneous for the Bo gene. In a senes of 
vanety trials in the Gezira, from 1943/43 onwards, BAR X 1730L has given 
the same average yield as X 1730A. Superficially it would therefore appear 
that the addition of blackarm resistance has produced no beneficial effect on 
yield Other factors require, however, to be taken into consideration before 
drawing any conclusions. Stnngent precautions are taken m the Gezira to 
exclude blackarm attack: the ” filtenngof seed in the Gash, the uprooting 
and burning of crop debris and the method of seed disinfection have all been 
mentioned above. The date of sowing is delayed beyond what is considered 
desirable if danger of blackarm attack were not present. Consequently to 
avoid endangering the main crop, the variety trials have necessarily had to 
be conducted under conditions designed to exclude blackarm Moreover, the 
susceptible X 1730A used as a control has been grown from seed raised in 
the Gash, and the experimental BAR X 1730L has been grown from seed 
raised in the Gezira in the previous season It is generally considered that 
Gash-grown seed gives a better yield than Gezira-grown seed when grown the 
following season in the Gezira. It is therefore thought that the apparent lack 
of yield superiority in BAR X 1730L presents a biased picture of the 
potentialities of this type. Before the true situation can be evaluated it will 
be necessary to have tnals on a larger scale, sowing the crop at an earlier 
date than the mam crop, using Gash seed for sowing, and noting especially 
the effects on rare occasions when the normal precautions against blackarm 
occurrence are ineffective. 


Fibre and spinning tests have been made on a range of 16 pairs of samples 
of X 1730A and BAR X 1730L sent in from 1942/43 to 1945/46. The 
average results of these tests are as follows * 
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Although BAR X 1730L is of slightly shorter staple than X 1730A it has 
given yams of equal strength, the slight expected drop presumably having 
been counterbalanced by other fibre characters. 

In half of the compansons BAR X 1730L and X 1730A were considered 
equal in yam appearance, in seven cases X 1730A was ranked supenor to 
BAR X 1730L, and only once was BAR X 1730L better than X 1730A. 
This difference m yarn appearance appears to be associated with the maturity 
of the cotton, in general X 1730A is more mature (maturity ratio=0‘98) 
than BAR X 1730L (matunty ratio=0 95) In only one pair of the 16 com¬ 
pansons was the BAR type found to be more mature than the susceptible 
type. In ii cases X 1730A was appreciably more mature than BAR X 1730L 
with little difference in the remaining four cases 

No standard spinning tests were made on BAR X 1730L in the 1946/47 
season, but four small-scale tests gave strength results which favoured 
X 1730A rather than BAR X 1730L 
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The BAR X 1730L seed is derived from bulk expansion of material from 
the last stage (7th back-cross to X 1730A) of the blackarm transference pro- 
^amme. In a manner similar to the sifting of X 1730A, the BAR X 1730L 
stock has also been selected at the Gezira Research Farm for uniformity 
The purity selection obtained has been termed BAR X 1730L Si 

The results of vaiiety trials do not indicate any marked difference between 
the yield of BAR X 1730L Si and that of BAR X 1730L or X 1730A Four 
samples of the selected strain (from comparative variety trials with X 1730A 
in the 1944/45 and 1945/46 seasons) have been tested for fibre and spinning 
characters with the following lesults.— 
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The limited number of results available to date suggests that the sifting 
of the BAR X 1730L stock has possibly resulted in the BAR X 1730L Si 
selection having a staple slightly longer than X 1730A and a somewhat 
greater yam strength A few small-scale spinning tests made on samples 
from the 1946/47 and 1947/48 trials gave yarn strength results which were 
a little greater for BAR X 1730L Si than for X 1730A. In the earlier large- 
scale tests, two samples of BAR X 1730L Si were more immature, and of 
poorer yarn appearance than the corresponding X 1730A material In the 
remaining two pairs of compaiisons, BAR X 1730L was of better yarn 
appearance than X 1730A, in one case being of equal and in the other case of 
greater fibre maturity In the small-scale tests there was little difference in the 
yam appearance of the two types. 

Although the above fibre and spinning tests results are not sufficient to be 
conclusive and need to be substantiated by further work, they suggest that 
the BAR X 1730L Si selection may prove to be of better character than the 
ongmal BAR X 1730L stock 

Material removed from the BAR X 1730L stock in the sifting programme 
by Evelyn was discarded when considered to be of infenor fibre quality, but 
carried forward when of good character, and later bulked to form an 
improved selectionknown as BAR X 1730L S2 So far only a few tests 
have been made at the Institute on this S2 material, and the results indicate 
little difference between it and the standard X 1730A type. 

The strain BAR 4/5 js another blackarm resistant typo of X 1730A 
derived by Knight and Evelyn by bulking up material from the 9th back- 
cross to X 1730A in the breeding programme involving the transference of 
the Ba factor This strain should therefore contain a slightly greater pro¬ 
portion of X 1730A in its ancestry than BAR X 1730L, which was derived 
from the 7th back-cross to X 1730A 

In a number of variety trials from 1944/45 onwards, the results of which 
are given in Annual Progress Reports of the E C G C , BAR 4/5 has given 
figures for seed cotton yield per acre which are generally somewhat lower, 
rarely significantly lower, than X 1730A. In these trials the ginning out-turn 
of BAR 4/5 has been found to be lower than that of X 1730A, resulting in 
the former having a lower Imt weight per acre than the latter. This lower 
ginning out-turn of BAR 4/5 cannot have arisen as a direct effect of the 
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mclusion of because BAR X 1730L has given higher figures than X 1730A 
for ginning out-turn. Presumably it has occurred by chance use of some 
low-ginning X 1730A material in the later stages of the back-crossing pro¬ 
gramme; it remains to be seen whether the multiplied seed stocks of BAR 
4/5 are sufficiently variable to permit a higher-ginning sub-selection to be 
sifted out. 

The results of fibre and spinning tests on ii pairs of samples of BAR 4/5 
and X 1730A, from variety trials from 1943/44 onwards, are summarised 
below 
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Reference to the above Table indicates that there is little difference 
between the two varieties. The results of a few comparisons by small scale 
spinning tests on samples from the 1946/47 season confirmed that the yam 
strength of BAR 4/5 was fully equal to that of X 1730A. In yarn appear¬ 
ance there has also been little to choose between the two cottons, sometimes 
one being superior and sometimes the other. 

The strain BAR 4/T1 contains both the B. and Bg resistance factors, 
and represents a further step in the blackarm programme. The results of 
four tests in the 1945/46 season indicated that BAR 4/11 was a little longer 
and of slightly greater yarn sticnglh than X 1730A. Four small-scale spin¬ 
ning tests made on material grown m the following season reversed this 
difference in yarn strength So far BAR 4/11 has tended to give yarns of 
poorer appearance than X 1730A No niaikcd difiercnce in fibre maturity 
has been noted, but the difference in appearance may be associated with a 
tendency for BAR 4/11 to be moie irregular in staple than X 1730A The 
results of the few variety tnals available indicate that the yield and ginning 
out-turn of BAR 4/11 are somewhat below those of X 1730A 

The BAR 4/11 stock has not yet been through a *'punty sifting*' and 
consequently it is not possible to gauge its ultimate performance 

In later work Knight has found G sanguineum (==G. arboreum race 
bengalense, Silow) to contain resistance to blackarm, and in the 1946/47 
season the gene Bi was successfully carried to the 8th back-cross stage m 
transference to a Sakel cotton It has been found that Bi segregates inde¬ 
pendently of Bi, Ba and B,, and shows additive effects in conjunction with 
Ba and B,. Work on other strains showing blackarm resistance is m progress 
to see whether other major genes exist and may be segregated to provide 
additive resistance in commercial stocks 

{b) Development of New Plant Types. 

It is not intended to give a detailed description of the remainder of the 
wide range of other plant work in progress at the Gezira Research Farm and 
at Shambat, but a brief account of some of the problems not mentioned 
elsewhere in this paper may be desirable for general interest and to present 
a more balanced picture of current research 

The effects of leaf curl disease have been mentioned in a preceding sec¬ 
tion, and how X 1730A was successfully developed as a resistant vanety 
compared with the susceptible Domains Sakel One project is to see whether 



T 5 S 3 


World's Cotton Crops, Part 3 Sudan—Lord 

it IS possible to isolate a strain of Domains Sakel having the same satisfactory 
fibre quality as the present type, but showing marked resistance to leaf curl 
disease. It has been found that resistance genes exist, both in standard 
Domains Sakel and in the older selection known as Massey's Domains Sakel. 
A field technique has been developed which makes it feasible to select disease- 
free plants which transmit this character to their progenies. Much work 
remains before the eventual success or failure may be gauged, 

Jassid attack has been seen to cause a marked decrease in crop yield and 
the most effective means of control so far found consist of spraying with 
insecticides. One satisfactory method of reducing the extent of jassids is the 
development of hairy types of plants, a method inaugurated by Parnell at 
the Empire Cotton Growing Corporation's Station at Barberton, South 
Africa, and which has had considerable success in Empire cottons of the 
American type. A fundamental study is being made by Knight of the 
genetics of plant hairiness and it has been shown that a mam hamness gene 
Hi may be transferred from Peruvian Tanguis cotton to an Egyptian type 
(the strain known as NT 2) with little or no adveise effect on fibre quality 
This gene is now being re-transferred to Domains Sakel. An arboreum hairi¬ 
ness gene, H3, has been isolated from G. sangmneum and is being transferred 
into a typical Sudan Sakel cotton so that its relations to Hi may be studied. 
Further work now in progress at Shambat includes the transference of 
hairiness genes from other cottons into Sakel stock to determine their identity, 
and, if they arc different, whether an accumulation can be built up in one 
type to give additive effects. 

The belter grades of Sudan Sakel generally contain less trash than the 
better grades of long-staple types fiom the Egyptian crop. Nevertheless, a 
type of Sudan Sakel containing even less trash than the present type (but 
with the same fibic quality and spinning performance) would be a decided 
economic advantage. The average giadc would be higher and a crop of it 
would therefore sell at a higher average price. 

One source of trash in seed cotton arises from the bracteoles below the 
boll. As the boll ages, these bracteoles wither, become brittle, and break up 
into pieces. Their fragments fall on to the secd-cotton in open bolls and so 
contribute towards lower grades and greater processing trouble for the 
spinner Attempts are being made to transfer a deciduous character, m 
which the bracteoles arc shed before the mam set of bolls open, from an 
American Upland cotton to Domains Sakel to see whether any improvement 
in grade is effected 

Another line of work beginning to receive attention in the Sudan is altera¬ 
tion of the growth habit of the cotton plant. At some future date, when 
improvements have been eifcctcd m present methods, mechanical picking 
may prove desirable in some of the irrigated areas of the Sudan. The lay-out 
of the Gezira is particularly suitable for mechanical picking. The trans¬ 
ference of ''Egyptian Short Branch" and "Cluster" habits fiom other 
types to Sudan Sakel is being attempted to obtain a plant structure more 
suitable than the present types for mechanical picking 

The above examples do not exhaust the programme of plant-breeding 
work of the Research Division which, among other things, includes the 
development of greater ginning out-turn, analysis of yields into components 
to determine which characters arc important and may possibly be improved 
and selection for earliness in growth, a feature closely related to low plant 
node number. 
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VIII. GENERAL DISCUSSION AND FUTURE DEVELOPMENTS 

This final portion of the paper presents a number of aspects relating to 
the course of development of cotton breeding and growing in the Sudan. 
One or two particular points have already been touched upon in the main 
text, and are only recapitulated or elaborated here for convenience. The 
mam purpose of this section is not to provide a summary of the preceding 
treatment, but rather to outline the general position and to indicate which 
Imes of development appear to deserve consideration It is hoped that the 
various views expressed may be of interest not only to consumers of the 
crop, but also to those formulating the broad aspects of future policy and to 
research workers responsible for the detailed work 

The development of a new variety of cotton, and even effecting minor 
improvements in an established strain, necessanly takes several years. Cotton 
breeders must consequently keep ahead of current demands and tiy to 
foresee probable future needs We have shown above how geneticists and 
breeders in the Sudan are working on a wide range of problems, and that 
one of their aims is to obtain ultimately new seed stocks of improved plant 
character (by obtaining increased yields through modifications in plant 
resistance, habit, and structure) in which the character of the cotton Imt 
is virtually identical with that of the present established commercial types. 

This policy is largely based upon the fact that the two present Sudan 
Sakel types (the Domains Sakel or S qualities and the X 1730A or L 
qualities) are sufficiently distinct in character to present a different appeal 
to different spinners Domains Sakel finds its main use m fine yams, 
frequently in counts of lOOs or finer, and in medium counts where exceptional 
high strength is essential The X 1730A cotton is rarely used in very fine 
counts, but is suitable for use in counts up to about 80s m which it gives 
yams of good appearance and of strength adequate for most purposes 
Where lustre and soft, silky feel are required, Domains Sakel is more 
satisfactory than X1730A Where loftiness and firm handle are more suitable 
than silkiness, then X 1730A is preferred to Sakel. 

Continuity of supply, and maintenance of quality at fixed levels are 
of commercial importance and enable the spinner to organise more easily 
the continuous production of standard types of yarn, and to feel confident 
that he will always be in a position to fulfil the future requirements of his 
customers for these lines without making intermittent drastic modifications 
in his pocessmg The continued use of Ordinary West Indian Sea Island 
of the Montserrat type, m preference to some of the finer and stronger 
Egyptian types, provides an example of the value of maintaining trade 
confidence in stability of supply Apparently one reason why some such 
spinners use this cotton is that they believe it will continue to be grown 
with quality virtually unchanged long after some of the present super- 
quality Egyptian cottons (such as Amon and the already-disappearing 
Malaki) have vanished from the market. 

It would be a relatively simple problem for breeders m the Sudan to 
produce, say, an X 1730A selection showing a desirable economic improve¬ 
ment m one particular plant character and which differed m lint quality from 
the present type By further work they might effect another improvement 
and issue a further supply of seed, one which showed another marked change 
in fibre length or fibre fineness That the harder road has been chosen, the 
method of improving plant character without effecting any noticeable change 
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in average fibre quality, mdicates that the authorities realise the desirability 
of maintaining the recognised fibre qualities of the types unchanged. 

It is difficult for the breeder to estimate the likely future requirements 
of industry, the needs of which change with both fashion and fluctuations 
in national economy. He would need to make exceptionally accurate and 
inspired predictions to ensure that none of his work is wasted. The best that 
he can be expected to do is to develop a number of satisfactory cottons 
suitable for a number of uses, capable of being quickly developed for 
commercial growth should demands for the current type change Although 
many such cottons would never be grown for sale on the market, the need 
for them not having arisen, the work spent on their development would not 
be wasted It should be regarded as an insurance policy to cover likety 
emergencies. 

One possibility is that there may be an increased demand for reasonably 
large quantities of super-quality types of cotton, appreciably better than 
either X 1730A or Domains Sakel To cover this contingency breeders in 
the Sudan are trying to develop a cotton of this type by straightforward 
selection work In the sieving of Domains Sakel stock for establishing 
the more uniform Si nucleus, a large amount of matenal was rejected as 
not being typical of the general crop. Some of the rejected matenal was 
considered to be of higher quality than the average and was developed in 
separate families. Material from six of the most promising families was 
tested at the Institute in 1944/45 and later bulked to form a selection known 
as Domains Sakel S^. Further tests were made m the following season. 
The average results of the two groups of tests are summarised in the Table 
below. 
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Compared with standard Sakel the S*. selection is of longer and slightly 
finer fibre, and consequently of increased yarn strength. The difference in 
yam strength was confirmed by a number of small-scale spinning tests in 
the 1946/47 season. 

As yet the increase m quality of the Sj, selection is small, not sufficient 
to distinguish it as a new type. The work is being continued to sec whether 
there is sufficient genetic variance in the stock to permit further selection 
pressure effecting a material increase in quality 

Although high yarn strength may not always be essential it is certainly 
no defect Domains Sakel gives yams sufficiently strong for many purposes 
Nevertheless any improvement in this direction would doubtless be welcomed 
by present users providing that other characteristics remain unaltered. 
Continued selection pressure for increased yarn strength normally results in 
a longer staple or a lower standard fibre weight per cm (or both) An 
appreciable increase in the length of staple of Sudan Sakel is not desirable 
because it would lead to greater trouble m processing and also make the 
cotton unsuitable for mixing with other long-staple Egyptian types. More 
over, the increase in length and the increased fineness would probably cause 
the cotton to have a tendency to nep, particularly in the inferior grades of 
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lower immaturity. This trouble could only be overcome by increasing 
comber losses These disadvantages would counterbalance the increased 
strength advantage. In a preliminary programme of work now being jointly 
tackled by cotton workers in the Sudan and at the Shirley Institute, it is 
hoped to avoid the above disadvantages by transferring high fibre strength 
from a wild species of cotton to Domains Sakel. If the project proves 
successful it will lead to an increase m yam strength of Domains Sakel 
without any accompanying change in staple length or fibre fineness. 

If marked changes in demand for Sudan Sakel occur m the future it 
IS more likely that this will manifest itself in the need for a medium-staple 
Egyptian cotton (having a length intermediate between that of Ashmouni 
and Giza 7) rather than for a super-quality type approaching the best Sea 
Island. The research staff in the Sudan intend to see whether such a type 
may be developed to give adequate economic return in the various irrigated 
areas, and then to hold it in reserve until the need for it occurs 

From the economic viewpoint the growth of Domains Sakel appears to be 
at a disadvantage compared with that of X 1730A The results of yield 
trials in the Gezira indicate that the lint yield of X 1730A averages about 
20 per cent, more than that of Domains Sakel, the superionty being as 
pronounced in the North as in the South Reference to current raw cotton 
pnees shows that the premium in favour of Sakel over X 1730A is appreci¬ 
ably less than 20 per cent Consequently it would apparently be more 
profitable to grow a crop of all X 1730A type instead of producing two 
varieties as at present The problem is, however, not quite so straight¬ 
forward as this, and it is necessary to consider the effects which abandonmg 
Sakel would have on the demand for, and price of X 1730A 

We have already indicated that the two cottons are not interchangeable. 
If a crop of all X 1730A were raised, most spinncis now using Domains 
Sakel for high quality mixings and fine yarns would necessarily turn to 
Egypt and purchase increased quantities of Karnak m preference to X 1730A. 
(A comparison of G3S and Karnak F.G + 1 , Type 155B, has been given 
m Section V, These two marks are generally sold at about the same price, 
the slightly lower trash content of the former being counterbalanced by the 
slightly greater yam strength of the latter) The Egyptian crop of Karnak 
is sufficiently large to supply spinners using Domains Sakel, and moreover 
could be increased if necessary Consequently abandoning Domains Sake! 
and growing a large crop of X 1730A might result in a general weakening 
in the demand for the crop as a whole The consequence of any such slacken¬ 
ing in demand might result in a decline in pnee, sufficient to offset the 
increased yield It is not improbable that the present lower profit on 
Domains Sakel may m effect be maintaining the relatively higher profit 
on X 1730A, because growing Domains Sakel prevents too much X 1730A 
appeanng on the market 

One essential advantage of growing two types of Sudan Sakel in 
preference to one is that it removes the danger of having all one's eggs 
in one basket. Egypt is now producing a large crop of Menoufi, a cotton 
very similar to X 1730A. Moreover, still larger crops of the medium-staple 
Giza 30 cotton will be forthcoming m the future This cotton offers a strong 
appeal to many spinners in the medium range of Egyptian yams, and is 
more suitable than X 1730A for mixing with Ashmouni to raise the quality 
of mixings. The increased amounts of these two cottons will compete for 
some of the markets of X 1730A If the effect is sufficiently strong to 
result m a slackened demand for X 1730A it will be possible to counter 
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it by increasing the properties of Domains Sakel in the present crop to suit 
market needs. 

It IS clear that an increase in the financial return of Domains Sakel is 
desirable It is yet too early to judge whether the present advanced work 
of Knight on blackarm resistance will enable earlier sowings to be made and 
give materially higher yields and better grade, or to what extent current 
research on leaf curl, curliness, etc , will give marked advantages. The 
present need is for a cotton with a yield approaching that of X 1730A, 
including many of its other good agricultural features, but which has lint 
fully equal to that of Domains Sakel 

At first sight it might appear feasible for plant breeders to carry out 
straightforward selection of X 1730A material m order to segregate such 
a type. The results of work along these lines in the past have given us no 
indications that it is possible to effect an appreciable increase m lint quality 
in X 1730A material Probably the most that would result from further 
work would be an “improved'* X 1730A, having a lint quality between 
the present level and that of Domains Sakel There do not appear to be 
any prospects for such an introduction. The better grades of an intermediate 
type might be used by present consumers of the lower grades of Domains 
Sakel, leaving an unsaleable carry-over of these latter marks on the market. 
It would certainly not be suitable for users of the better grades of Domains 
Sakel The lack of demand for the intermediate type known as NT.2, 
which was tried a few seasons ago, lends emphasis to this point. NT.2 was 
selected as a leaf-curl resistant variety and a small crop was grown m the 
Gezira under the GN series of grades. Small quantities of the blackarm 
resistant type of NT 2 were grown in the Gash, where it was known as 
Barsak and sold under the KB series of grades. The cotton was a little 
coarser than Domains Sakel, gave yams of slightly lower strength, and 
consequently offered little appeal to high-quality fine spinners Although 
the X 1730A and Domains Sakel are distinct in character, they arc not 
sufficiently dissimilar to permit the easy marketing of an intermediate type. 

Because of the degree of diversity of X 1730A and Domains Sakel it is 
possible that a new type, containing most of the desirable agricultural 
features of each but with the 1 ml characteristics of Domains Sakel, might 
be evolved by hybridisation followed by intensive le-selection and possible 
back-crossing. Although this has not yet been tried in the Sudan on any 
large scale it is possible that it might help in solving the problem of 
balancing llie high quality of Domains Sakel with its present relatively 
lower yield. 

Sufficient has been said in the main text regarding the problems which 
confront the breeders of ram-grown American-typc cotton Although 
marked advantages will be gained from the carlincss of the new types, much 
work can still be done in increasing yield and developing new strains of 
about the present average quality but with increased fibre regulanty and 
fibre maturity to reduce risk of neppiness 
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33—EFFECTS OF STRAIN ON THE MICROSCOPIC STRUCTURE 
OF ACETATE RAYON 

By S. SiMMENS and F. Howlett 

{Copynght hy the Textile Institute) 

I. GENERAL DESCRIPTION OP THE EFFECTS OBSERVED. 

During an investigation of the manner m which cellulose acetate rayon 
fractured under the application of a simple tension, it was noticed that con¬ 
siderable change in the microscopical appearance of the filaments occurred 
This was subsequently found to be quite a general phenomenon for acetate 
rayon when broken or severely strained Two mam distortions of the struc¬ 
ture are produced; one is characterised by disruption of the surface, while 
the other has the appearance of an internal rupture As will be shown later, 
the latter, which is the more readily observable, is itself a modification of 
the surface effect The cracking of the surface is therefore to be regarded as 
the basic phenomenon, and will be considered at the outset 

The surface of a broken acetate filament is depicted in Fig i, it is seen 
to be covered with a large number of cracks, some in the form of minute 
individual centres and others spreading into lines of such centres. On the 
whole these lines are inclined to the axis of the filament as if part of some 
complex spiral pattern, and the general distance between them is about five 
to seven microns. In general this extreme disruption, though of greatest 
intensity near the break, can extend some five centimetres on either side 
towards the points at which the stress is applied. 

The second effect to be discussed is illustrated on a broken filament in 
Fig 2, where the microscopical arrangement was such that internal detail 
of the filament was shown up, and surface structure eliminated It is seen 
that there extends down the filament, rather near to one edge, an axial 
band of markings which resemble cracks rather than cavities Finer detail, 
not resolvable with the optical equipment used, is also apparent This 
photomicrograph, although from a different filament of the same yarn 
shown in Fig i, indicates that the distances between the more outstanding 
defects are approximately the same as those described previously. In fact 
if Fig I IS examined closely, this internal effect can be seen as a series of 
large blurred dots running down the centre of the filament As this effect is 
associated with the strongly re-entrant parts of the filament it has been 
called the “cusp effect*' Its presence is more readily observed than the 
surface cracking, and it extends back from the break to about the same 
distance Both phenomena usually occur together, although treatments 
establishing their independent existence have been found and are described 
below. 

In its unbroken state of course, normal acetate rayon exhibits neither of 
these effects. Its surface is without structure and the only internal details 
are the axial lines denoting cusps 

II. TECHNIQUES USED FOR THE OBSERVATION AND PHOTOGRAPHY 
OP THE STRAIN EFFECTS, 
fa) Microscopical Equipment 

For observation and study of the strain effects, especially the surface 
cracking, an optical system of reasonably high resolving power is desirable to 
reveal fine detail. For much of the work described here the authors found 
a 4 mm apochromat objective, fitted with a correction collar, to be par- 
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ticularly suitable. This was preferred on account of its high numerical 
aperture and its correction collar, which enabled a good image to be obtained 
m practically any desired plane of focus in a mount which, due to the bulk 
of the specimen, often possessed appreciable thickness. With the com¬ 
pensating eyepieces employed a range of magnification of 360 to 720 times 
was provided 

r (b) Technique for Rayon 

Of the two forms of strain phenomena, surface crackmg is the least readily 
observed. In mountants of refractive index similar to that of acetate rayon 
it is barely detectable, and to obtain satisfactory visibility of the surface a 
mountant of considerably higher refractive index is reqmred Methylene 
iodide, either alone (w = i 74) or saturated with sulphur 80), was 

suitable for visual and photomicrographic work, and had no swelling effect 
on the rayon For photographic purposes only, an enhanced visibility of 
the effect was obtained by staining the filament in a saturated solution of 
Gentian Violet in cellosolve for thirty seconds. After a brief rinse in water 
the specimen was dned in the air. This technique was used in the prepara¬ 
tion of Figs. I and 3, but it is stressed that no staining is required for visual 
work. 

The cusp effect, from the standpoint of nucroscopy, can be considered as 
internal detail, and therefore any mountant of refractive index similar to that 
of acetate rayon and without swelling action will provide amenable con¬ 
ditions. Limonene, cedar wood oil, and liquid paraffin were all suitable 
No difficulties in the observation of the cusp effect have been experienced, 
and medium power dark ground illumination makes it particularly prominent. 

(c) Technique for Film 

Here the same mountants as those employed for observation of the cusp 
effect in yarns were found suitable. The microscope objectives were a 16 mm. 
achromat and an 8 mm. apocromat 

III. DETAILED ANALYSIS OF THE STRAIN EFFECTS. 

Except when stated otherwise the yam used was 140 denier, 26 filament, 
tinoiled cellulose acetate rayon, produced by Messrs. Lansil Ltd. Unnecessaiy 
interference with the observation of the surface occurs when oil is present on 
the yam. 

(a) The Influence of Extension 

Samples of length 15 cm. were extended m a single-thread testing machine 
to 5, 10, 15, 20 and 25 per cent, elongation, at rates of o-i, i, and 5 cm. 
per second. For comparison, lengths were also broken by hand extension. 

The strain markings on the broken samples, which were always more 
pronounced than those produced by elongation, showed the greatest intensity 
near to the break and diminished gradually as far as the points of applica- 
ton of the stress. 

In the extended samples the markings were more restricted to a specific 
section of the yarn, generally near to the mid-point, and the cusp effect 
was always more definite than the surface cracking. No positive signs of 
either were present at extensions below 15 per cent., although faint traces of 
the cusp effect could be seen at extensions as low as 12-5 per cent, when 
dark ground illumination was used. It is felt that submicroscopic effects, 
probably observable with an electron microscope, are present below th.s 
extension. 
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In general, the higher the rate of extension the more marked are the 
strain effects, and in all subsequent experiments an extension of 25 per cent 
at 5 cm per sec was used After certain of the treatments described below 
the yams would not extend to 25 per cent, and for these a hand break was 
used 

Modifications of a simple extension such as those resulting from bending 
sharply or from application of a torque also produce the strain effects at 
places where elongation has occurred The surface cracking was also pro¬ 
duced by rolling a weighted cog wheel along a yarn, the pattern showing 
clearly the regions of pressure caused by the teeth. As would be expected, 
since extension is here applied only to the outer surface, no cusp effect was 
found. 

(b) The Influence of Age and Origin of the Yam 

Normal stram effects were exhibited by yams whose ages varied between 

hours and 4 months Indeed one sample of unoiled rayon was broken 
only 15 seconds after spinning and still showed normal markings, although 
these did not extend far back from the point of fracture. 

Commercial yarns manufactured by British Celanese Ltd., Courtaulds 
Ltd., E I du Pont de Nemours & Co , Eastman Kodak, and Soci6t6 
Rhodiaceta, spun between 1936 and 1947, were also found to give, when 
broken, the effects desenbed above. Their filament deniers ranged from 
li to 5. 

With a sample of acetate rayon containing dispersed titanium dioxide 
the surface cracking was definitely present, but it was of course not possible 
to observe the cusp effect 

From these observations the strain effects seems to be of quite general 
occurrence 

(c) The Influence of Various Pre-treatments 

When filaments were dned, either over phosphorus pentoxide at room 
temperature or at no® C , a normal surface cracking was present after 
extension. The cusp effect was rather more pronounced than usual 
However, by soaking yarns in water to allow swelling, the effects after 
stretching were small in amount and the surface cracking was finer m tex¬ 
ture. The results suggest that much of the latent strain in the filaments, 
which would result in heavy effects on extension, ig removed When the 
surface only of the yarn was wet by immersion for thiee seconds in water 
containing a wetting agent the surface' cracking was again more fine in texture 
than that normally observed, and there was a greater amount than usual 
The strain has possibly been distributed more evenly over the surface b;^ 
this brief wet treatment 

Some attention was given to the influence of steam, samples being held 
in steam for two minutes and there broken by hand. At temperatures up to 
200® C the cusp effect produced was small, but the surfaces of the filaments 
exhibited the most pronounced cracking. An example of this is shown in 
Fig. 3 which applies to a filament broken in steam at 100® C , the consider¬ 
able depth of these cracks can be seen by the notches along the filament 
edge. It seems as if the filament is surrounded by a relatively mextensible 
skin which becomes rent under the tension. Clearly also these cracks are 
modifications of those shown in Fig i Breaking a filament immersed in 
warm water (at about 65® C) gives a result in between those of Figs, i and 3. 

When yams subjected to either the hot water or steam treatment are 
mounted m limonene and studied between crossed Polaroids the spiral nature 
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of the surface cracking is more definitely revealed and is shown in Fig. 4. 
The pitch of the spiral is approximately the same for both samples, although 
that broken in steam appears of lower pitch due to the increased number of 
separate spirals present The spiral nature of Fig i (dry break) can 
similarly be demonstrated, but is not sufficiently pronounced for a reasonable 
photograph to be made A filament of flat cross section was used in order 
to eliminate any cusp effect 

Companson of Figs i and 3 reveals that the lattei exhibits further surface 
detail not shown m the former This consists of a large number of trans¬ 
verse markings running almost at right angles to the filament axis. It is not 
easy to show how deeply these extend into the core of the filament, but a 
general examination in various mountants suggests that they are present only 
in the outer regions They are made more prominent by mounting in 
limonene and a photograph, in this medium, of the same field as that used 
for the steam-broken filament in Fig, 4 is shown in Fig. 5 This has been 
observed only in filaments broken in steam or in hot water and is less 
apparent with the latter treatment. Rather similar markings were found by 
A Herzog,^ but these seemed to occupy the centre of the filaments, and 
moreover occurred on straining dry yams. Herzog's results could not be 
reproduced, and il is thought that this may be due to differences in the rayon 
since his paper utilises results found on monofilament material in 1913 

An incidental effect of stretching or breaking yarns in steam is that the 
parts lying in the steam become considerably delustred Filaments allowed 
to remain in the steam for a similar period of time (2 minutes), but not 
extended were practically unchanged. 

Softening of the cellulose acetate was also produced by suspending yarns 
in cold acetone vapour prior to breaking. Very heavy surface cracking, 
limited to a few niiliimctres, occurred and was due perhaps to the great 
elongation possible No cusp effect was present. When the yarn was left 
24 hours before breaking to permit evaporation of the acetone both effects 
were normal in intensity and extent. 

In contrast to these examples some strain was deliberately produced in 
the surface of the filaments by delustnng with 0 2 per cent, soap and o 2 
per cent phenol at 100° C for i hour, followed by washing and drying. 
The resulting filaments when broken exhibited extremely heavy surface 
cracking; it was of course not possible to observe the incidence of the cusp 
effect on account of the internal pitting which results from the delustnng 
process. 

A reduction of the extensibility of the filament surface was achieved by 
hydrolysing for 5 minutes in N/2 sodium hydroxide in half saturated sodium 
chloride solution, the latter being used to inhibit swelling. On breaking the 
washed and air-conditioned yarn the cusp effect was present normally, but 
the surface cracks were found to be quite wide openings due presumably to 
the lower extensibility of the cellulose surface compared with the cellulose 
acetate core of the filament On completion of the hydrolysis by overnight 
treatment the yarn was again broken and still exhibited heavy surface 
cracking This obviously means that the chain molecules themselves must 
he arranged differently in the surface from the inside, the inner ones being 
the less onentated. No cusp effect was present, and examination of the 
cross-sections showed that the deep re-entrant portions had fused together 
so as to exclude the sides of the cusp from being considered part of the 
surface. 
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(d) Removal of the Strain Effects 

Attempts were made to seal up the cracks produced by the breaking of 
air^dry yams. This course it was felt would give added information on the 
reasons for the incidence of the effects. Furthermore, C P. Tattersfield,® in 
a lecture has shown that the abnormally rapid hydrolysis of cellulose acetate 
yam which had been subjected to extension or pressure could be reduced by 
certain after-treatments. Although the text of his paper was not available 
dunng these investigations an approximation to the treatments there recom¬ 
mended was made. Other after-treatments, not considered by Tattersfield, 
were included. In passing, it is considered here that the data of Tattersfield 
can be explamed by the fact that the disrupted surfaces of strained filaments 
would permit rapid penetration of the hydrolysing agent 

First it was found that neither dry heat for 20 hours at 110° C nor wet 
steam at 100® C. had any tendency to remove the effects However, treat¬ 
ments for five minutes at 130° and 200° C did modify the surface cracking 
to a veiy fine regular crazing and almost eliminated the cusp effect 

After-treatment with saturated sodium chloride solution at 80° C was also 
studied This relatively low temperature was chosen to preclude delustring 
effects. After five minutes no alteration was observed, but in thirty minutes 
most of the surface cracking had been removed, and the cusp effect was 
lessened. It was treatments such as these that Tattersfield had recommended, 
and their success may be due to a gradual radial shrinkage of the yam in 
the presence of the saturated salt solution. 

Rather more success, as would be expected, was achieved by the action 
of acetone vapour. Times of exposure greater than J hour were used and 
both the surface cracking and the cusp effect were removed entirely. Samples 
so treated for 20 hours were found to be fused together and clearly the sur¬ 
faces of filaments left for shorter times would be sufficiently softened to allow 
incipient flow with resultant healing of the cracks. 

(e) Observatitons on Cellulose Acetate Film 

No detailed study was made with films and an exactly similar senes of 
phenomena as that occurring with yarns was not expected since these effects 
clearly depend on the physical form of the samples and on differences m 
strain or in molecular disposition. In keeping with this view is the fact, 
recorded in the next section, that certain rayons other than from cellulose 
acetate can also exhibit analogous effects. 

The film used was unplasticised, and was cast on a glass plate so as to 
have a final thickness of about o 005 in. The effect of sharp and repeated 
flexing of this film is clearly shown in Fig. 6 The axis of the flex is shown 
by the incipient cracking and on either side of this is a broad band of fine 
dots. Even the edge of the film, which was cut with scissors shows these 
dots. Under higher power these dots are resolved into circular lenticular 
holes with the circular planes roughly parallel to the faces of the films It 
is important to remark here that-this effect lies wholly within the thickness of 
the sheet, the surface of the film being, so far as observation at present can 
decide, entirely free from defects. Thus no parallel with the phenomena 
described for ffiaments can be drawn. 

In order to observe the disposition of the dots within the sheet a sample 
was flexed three times each way through about 350®. The regions contain¬ 
ing the strain effect were then measured by focussing down through the sheet 
progressively. Fig 7 shows the picture obtained, the two faces of the film 
being designated according to their dispositions during casting. It was not 
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advisable to photograph the film in an edge-on position since the actual 
cutting of the film to form the edge would have resulted in a superimposed 
strain effect (see Fig, 8) 

The widths of the bands are means of five series of measurements Sub¬ 
sequent tests have confirmed that the effect does not reach the surfaces, and 
that near to the glass surface the band of material free from these dots is 
always very narrow. The centre region, which is unaffected, would obviously 
suffer little elongation during bending and so is of no importance here Pre¬ 
sumably the whole of the interior of the film is in a state that disrupts on 
straining The formation of this internal band may be considered to take 
place as follows. The film commences to harden slowly from the surface in 
contact with air and can move freely into a stramless configuration This 
freedom will be retained, though to a dimimshing extent, over a finite thick¬ 
ness. Gradually, however, as the inside of the film solidifies it does so 
against an increasing restraint of the upper, previously hardened, layers, and 
IS forced to shnnk into a position of strain. Thus the nearer to the glass 
surface one goes the greater will be the strain, this is borne out by experi¬ 
ments in which sheets were bent only once and then not straightened out, 
when it was found that the doited region was always more extensive and 
intense near to the glass surface of the film Indeed, when the glass surface 
was on the inside of the bend, that is, it was being compressed, some dotted 
appearance was produced near to it. 

As an illustration of thi? progressive change in strain Fig 8 shows an 
edgeways view of a film clamped between metal plates and cut with a micro¬ 
tome knife. Incidentally the greater the sideways pressure during cutting 
the more intense was the effect. At the glass itself there must bo a strong 
enough adhesion between the cellulose acetate and the glass to permit the 
permanent retention of the unordered molecular pallcrn of the solution when 
first cast. This increasing strain as one moves into the film is also mani¬ 
fested by the fact that the films always curl with the glass side " inwards 
demonstrating the delayed contraction of the molecules formerly near to the 
glass surface 

It IS probable that the intense internal pitting observed when films are 
bent (which results m deluslring at the fold) may be the reason for the 
whitemng that i? sometimes produced when electric cables coated with cellu¬ 
lose acetate insulation are strongly flexed. 

(f) Observations with other Rayons 

Several rayons, cellulosic and otherwise, were studied after they had been 
broken by hand. These observations are recorded without comment, but 
are considered more fully in the discussion as they matenally substantiate 
the ideas there outlined 
Viscose Rayon 

Two samples of different manufacture showed a very faint trace of sur¬ 
face cracking, and this was of extremely fine texture. No cusp effect was 
present. 

A third sample, of Italian origin, was similar with regard to the surface, 
but showed a wide band of internal cracking similar to, but even more 
extensive than that with acetate rayon On comparing the cross-sections of 
these three yarns it was found, however, that while the first two possessed a 
normal outline, consisting of sharp indentations and not cusps, the Italian 
rayon section showed a most exaggerated cusp running well into the centre 
of the filament. 
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H Reumuth® has recently observed fine surface fissures across the 
longitudinal axis of viscose after being laundered fifty times, and he suggests 
that they are indications of over-extension of the filaments. The effect was 
too faint to observe by normal methods and was detected, though with 
difficulty, by the new phase contrast microscope 

Cuprammonium rayon 

A faint trace of surface cracking showed very close to the break only 
No cusp effect was observed. 

Nylon 

No effect was present either on the surface or within the filament 
Vtnyon, 

The surface cracking was similar to that appeanng in acetate rayon, 
although the mountant (methylene iodide) had to be saturated with sulphur 
to prevent swelling of the fibre No cusp effect was seen, the filaments 
being of smooth, flat cross-section 

IV. DISCUSSION 

Although the mam object of this work was to gain insight into the micro-* 
scopical structure of cellulose acetate filaments the foregoing observations 
could be used as the basis of a test for distinguishing between chemical and 
mechanical breakdown In this connection the cusp effect would be the 
more easily observed, and for this purpose variations in the character of this 
effect need explanation Most often only a single line of cracks appears, 
occasionally there are two parallel lines, and infrequently three or more lines 
are observable. If an optical system of small depth of focus is used each 
row appears suddenly as the microscope is focussed down through the fila¬ 
ment thickness Examples of these are given in Figs 9 and 10 where an 
objective with considerable depth of focus was employed in Fig 10 only. 
From their incidence as parallel rows within the filament they must occur 
along the re-entrant troughs which traverse the length of most acetate 
filaments. On focussing through a section these cracks can actually be 
observed flashing in and out of focus at the peak of the cusp The distance 
between the flashes was found to be identical with that measured between 
the dots when the filament was viewed in the entire Only the few well- 
pronounced cusps extending deep into the filament show the effect, the 
remainder, of incipient cusp-shape, being quite free In fact the cusp effect 
is really a surface phenomenon, but occurs at the junction between two 
surfaces where the mountant cannot penetrate With dehydration-mounting 
technique which gives penetration, visibility of the effect becomes extremely 
difficult Further proof of the correlation is that filaments of round or flat 
cross-section show none of these lines at all after breaking As would be 
expected a yarn which contains many filaments often exhibits all vanations 
of the effect. 

Recently a communication has been published by E V Martin,^ in which 
rather similar effects are recorded Yarns were subjected to various amounts 
of drafting m hot air so that final strengths were much higher. Initially the 
yam showed no internal defects whatsoever, but as the tension increased 
there appeared a row of cavities spaced several microns apart, and the num¬ 
ber of these cavities in the row increased with the tension. A limiting 
tension was reached, however, beyond which new rows of cavities were 
formed until the filaments became delustred. Extrapolation of the results 
back to the unextended state showed that the cavity spacing at the point of 
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natural result of the method of manufacture in which a concentrated solution 
of cellulose acetate in a volatile solvent is forced through fine orifices down a 
vertical chamber against a current of hot air When in the upper part of 
this chamber most of the dope stream will be liquid while its surface will be 
formation was about 0 4 micron. The author states that the rows generally 
DccTir near a wrinkle in the outer wall. Although obviously allied to the 
phenomena discussed here this effect is thought to be separate since the 
cavities are less than a tenth the distance apart of those recorded earlier m 
this paper 

In closer connection with Martin'^ observations it is found that certain 
high tenacity acetate rayons contain axial streaks composed of many small 
dots These are present before breaking the yarn 

The definiteness of the surface cracking as a true surface phenomenon is 
shown by the fact that a replica can be made by pressing a broken yarn 
with a hot iron into thermoplastic films such as benzyl cellulose, or plasticised 
ethyl cellulose or cellulose acetate, which exhibits all the surface markings of 
the yarn itself 

The results of these investigations have led to the conclusion that the 
surface layers of any normal filament of acetate rayon differ from the inside 
m having a lower extensibility. This property can be understood as a 
a plastic semi-solid In the lower part the filaments are wholly solid due 
to the rapid evaporation of most of the solvent. Just below the orifice the 
whole winding tension of the yarn will effectually act on only a thin layer 
of solid matenal surrounding each filament, and the molecules in this will 
consequently become more orientated than when, at the later stage, the ten¬ 
sion acts across the whole section For this to happen it is of course essential 
that the outer layers shall remain sufficiently plastic to be affected by the 
tension due to the continuous diffusion of solvent from the inside In melt 
spinning, as with nylon, this condition is not fulfilled, and different parts of 
the filament will set within a short time of one another Similarly in a wet 
spinning process such as is used in viscose rayon manufacture the outside 
layers are quickly coagulated and probably may not retain the necessary 
plastic properties With the example of the cusp effect shown with the 
Italian rayon an intermediate situation presumably arises, when, due to the 
very deep and narrow cusp, penetration of coagulant after the iriitial forma¬ 
tion of the surfaces would be hindered and a plastic state retained It is of 
obvious importance that the only other rayon showing surface cracking 
similar to that with cellulose acetate should be Vmyon, which is prepared 
by an almost identical process. 

In order to test these suggestions two experimentally spun yams were 
obtained One was spun without draft by catching the filaments on a flat 
surface immediately they left the spinneret and moving the surface sideways 
as more yarn was laid on. In the other the yam was given a very high 
draft, about double that normally used The first yam, with an extensibility 
of well over 30 per cent., showed no cracking on breaking, while the second 
which broke at an extensibility of only 15 per cent, showed a marked effect 
despite the fact that normal yam when extended to this amount was prac¬ 
tically free from cracking. 

The incidence of cracks in the form of a spiral is not new, and examples 
have recently been given for glass tubes when these contain any surface layer 
in a state of strain.*^*® It must be presumed that this particular configuration 
is best adapted to the removal of the strain 
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34—THE VARIABILITY OF FINENESS OF MERINO WOOL FIBRE: 

ASPECTS OF ITS SIGNIFICANCE IN TOP-MAKING 

By W R Lang 

[Copyniihl by tin InsMute) 

SUMMARY 

It IS important for the woolgrowcr to know if the manufacturer requires 
his raw material within certain limits of fibre fineness variability or whether 
the frequent requests for uniformity in this respect have no real foundation 
The woolgrowcr judges his fleeces by visual and tactile examination of the 
staples and the staple formation at various fleece sites Information is avail¬ 
able concerning the variability of fibre fineness in staples from a representa¬ 
tive range of Australian merino wool The manufacturers' raw material may 
be regarded as compounded from staple components The woolsorter is the 
agent whose choice of suitable staples may improve the uniformity of the 
bulk submitted for manufacture Since the woolsorter relics on the crimp- 
fineness relationship of menno wool to guide his choice, hypothetical wool 
types of a given quality number have been compounded from staple com¬ 
ponents of a liiTiitcd range of variability and the coefficient of vanation of 
fineness of the resultant stock calculated arithmetically, the proportional 
representation of the components with respect to fineness and crimp being 
based on data already available These results have been used to assess the 
probable variability of the Noble combed top, due allowance being made for 
the removal of the noil These values have been compared with the 
variabilities of actual tops which have been prepared from "straight types", 
t e whose components aie of one quality number and not a blend of two or 
more quality numbers Conclusions have been drawn concerning the cftect 
of known variability of the component staples on the variability of the 
resulting top 

INTRODUCTION 

The fleece of the adult merino is composed almost wholly of fibres of one 
type, t e non-medullatcd, which are compactly grouped in tufts, known as 
staples or locks The normal staple has a wavy form, the waves being 
known as crimps Within one staple the fibres show a variety of thicknesses 
and lengths Duerden and Bosnian* have shown that in the same staple, 
there is an almost perfect correlation between thickness and length and hence 
the uniformity of one indicates the uniformity of the other It is usual to 
express the variability of fibre thickness by means of the coefficient of 
vanation, which, although not an ideal index, has not yet been replaced by 
a better statistical coefficient The coefficient of variation of fibre thickne-.s 
of Australian merino wool ranges from as low as to per cent to approxi¬ 
mately 30 per cent 

The woolgrowcr, who is dependent on visual and tactile methods for 
assessing wool quality, is particularly interested in such fibre and staple 
characters as length, thickness and crimp He uses the staple crimp to assist 
him in assessing the fineness or mean thickness of the wool and while this is 
useful when dealing with large numbers of staples, it can be misleading in 
particular cases (Lang-) However, both the woolgrowcr and particularly 
the woolsorter, who prepares the raw material for manufacture, do place 
reliance on the crimp as a guide to fineness and this must be taken into 
account, when studying the composition of a stock or bulk of the raw 
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matenal, which has been sorted, with the intention of obtaining greater 
uniformity of thickness and length, preparatory to manufacture 

The woolgrower has often been advised to grow wool of greater uni¬ 
formity The term ''uniformity'' has been used loosely in many of these 
requests and as will be seen below, it is employed in various senses In the 
scientific literature, the demand for greater uniformity is a reflection of the 
fear that the man-made fibres, with a greater control of the fibre dimen¬ 
sions, may therein obtain considerable manufacturing advantage over the 
comparatively vanable natural fibre like wooL S G Barker* in the con¬ 
clusion to "Wool Quality " has suggested that methods should be placed in 
the hands of the woolgrower " so that he may furnish the manufacturer with 
raw matenal of greater uniformity and higher average similarity in its charac¬ 
teristics" Bosman^ has also expressed the opinion that the degree of fibre 
variability Oj. wool is a significant factor m manufacture The manufacturer 
too, has often claimed that uniformity is not only desirable, but important in 
ensunng efficient worsted yarn production As an indication of his interest, 
he employs woolsorters to divide the raw material, which has already been 
classed on the stations or farms, into more uniform bulks suitable for his 
purposes Whethci this sorting process really achieves what is intended 
appears to be unknown It seems highly likely that, m Australia at least, 
the manufacturer has no clear conception of the variations which occur in 
the greasy wool, nor whether his sorting practice likely 10 improve the 
uniformity of the bulk or stock 

In woolgrowmg and woolbroking, the term "uniformity" is used in 
various senses, namely. — 

1. Uniformity of fibre thickness along the staple 

In this sense, it is essentially a request for soundly grown wool, as distinct 
from the "tender" or " unsound " staple It is a recognition of the need 
for a uniform thickness rate-of-production along each fibre I his is generally 
assumed to be indicated by uniformity of the crimping along the staple 
but as shown by Lang,“ this is not conclusive evidence in respect of indivi¬ 
dual staples Mean fibre thickness may change at successive stages along 
the staple without any corresponding change in the crimp and vice versa 

2. Uniformity of mean fibre thickness in successive staples throughout the 
fleece proper, as distinct from the skirtings or more variable extremities, 
which are normally removed in wool classing 

Among woolgrowers this is the meaning most frequently intended It is 
obviously desirable to grow fleeces with the minimum of thickness variation 
between the major sections of the flcccc Again this is estimated visually 
and tactilely 

3. Uniformity of fibre thickness of the composite fibres within the staple 
of fleece sub-unit 

The \anability of fibre thickness within the staple, indicated by the 
cooificicnt of variation, is known to lie between the approximate limits of 
10 per cent and 30 per cent There is thus a considerable difference in the 
possible range of thickness between the more and less vanable wools, w^th 
the same mean thickness 

It IS mainly wuth the third of these descriptions that this paper is 
concerned 

Absolute uniformity of the raw material, besides being unattainable 
biologically is probably not desirable from the manufacturing standpoint It 
is also likely that the manufacturers* optimal requirement is not ncccssanly 
that of the shcepbreeder, who may be obliged to strive for greater uniformity 
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of fibre thickness within the staple, to maintain an appearance which is 
attractive to the woolbuyer with his traditional subjective methods of assess¬ 
ment and to pay due regard to the genetical factors involved. 

In woolsorting, the bulk of raw material for processing may be composed 
of wool of the same quality number or it may be blended from two or more 
qualities. In Australia the former practice is the more common and the 
matenal is referred to as a "straight t5^e" This paper is entirely con¬ 
cerned with "straight type" sortmg and the resultant combed product. 
After sorting, the wool is scoured and carded, any losses at this stage being 
ignored in this analysis Following the preliminary gilling operations, the 
Noble comb divides the top sliver from the "noil" or short fibres. The 
effect, if any, of the elimination of the noil must be considered. 

The variability of fibre thickness of typical wool staples may be measured 
by well known microprojection methods If staple length, whose significance 
m manufacture has been studied by Stanbury," is omitted from the discussion, 
of sortmg, it can be assumed that the woolsorter is greatly influenced by 
staple crimp in his rapid assessment of the quality number of the merino 
fleece sub-unit when sorting a "straight type" Lang* has indicated the 
quality number-crimp relationship and^ the cnmp-fineness relationship m 
Australian merino wool. Thus for any quality number, the proportion in 
which the various crimp groups are likely to be represented and hence the 
probable distribution of mean fineness corresponding to these cnmp groups 
may be derived In this way, theoretical” "straight types" may be com¬ 
pounded, in which the staple is assumed to be the fleece sub-umt. By includ¬ 
ing staples of known variability, the variation of the resultant may be deter¬ 
mined and its relationship with the components studied Finally by 
companng data concerning the variability of actual Noble combed tops with 
these theoretical "straight types", valuable information on the significance 
of variability of thickness m the staple on topmaking is obtainable 

The development of the argument will proceed in the following stages: 

(1) It will be submitted that for "straight t57pes " there is an upper limit 
to the coefficient of vanation of fibre thickness in menno tops Darnels^ 
has suggested 23 per cent. 

(2) Assuming that any losses in worsted carding do not affect the vanability 
of the stock, to examine whether any change in vanability of fineness 
is caused by the elimination of the noil from the top in Noble combing. 
A typical merino tear, i,e top/noil ratio, of 8 has been chosen. 

(3) A discussion of the methods of the woolsorter, in which, if the staple 
length be ignored, it becomes obvious that the woolsorter attaches great 
importance to the number of staple cnmps per inch, the choice of 
typical frequency distributions of staple cnmps per inch associated 
with the vanous quality numbers. 

(4) From previous work it has been shown that for staples of the same 
number of cnmps per inch there is a fairly wide frequency distnbution 
of mean fibre thickness These have been extracted in tabular form. 

(5) Since the coefficient of vanation of fibre thickness may range from 
10 per cent, to 30 per cent, approximately, staple components of the 
same coefficient of variation of fibre thickness have been taken and 
combined to make theoretical "straight types" according to the pro¬ 
portions suggested by the distributions of (3) and (4) above From (3) 
the cnmp distribution for any quality number is known Each of these 
crimp groups is associated with a corresponding distribution of mean 
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thickness. Finally each component staple in this theoretical bulk is 
assumed to be of the same coefficient of variation Component 
vanabilities of 15 per cent., 20 per cent and over 25 per cent, 
(coefficient of vanation) have been chosen. The coefficient of variation 
of the resultant bulk has been calculated arithmetically and compared 
with the variability of the components 
(6) By the combination of 15 per cent, 20 per cent and over 25 per cent, 
(coefficient of variation) components in different proportions, conclu¬ 
sions have been drawn concerning their relative significance in changing 
the variability of the bulk 

ANALYSIS 

1. Top and noil variability 

An upper limit to the coefficient of variation of fibre fineness in menno 
tops in Australia, when a ''straight type'" is employed, is approximately 
23 per cent. In large numbers of tops which have been measured in this 
laboratory over many years, the lower limit to the coefficient of variation has 
been approximately 17 per cent , with 72 per cent, of those examined lymg 
between 20 per cent and 23 per cent This upper limit of 23 per cent has 
been confirmed by the experience of the Wool Industries Research Asso- 
cation (Darnels^) 

A question requiring an answer at an early stage m this study is whether 
the removal of the noil affects significantly the variability of the Noble 
combed top when compared with that of the carded sliver. 

If a tear (top/noil ratio) of 8/1 is accepted as typical of merino tops, 
it cannot be considered that the removal of the noil greatly affects the 
vanability of the top compared with the carded sliver For example, a 60s 
carded sliver as calculated from the fibre fineness distiibution of an actual 
top and its noil, gives the following data, illustrating the conclusion 



Top 

Noil 

Carded Sliver 



(assuming a tear of 8/1) 

Mean Thickness ([i) 

23 7 

21-6 

23 5 

Standard Deviation 

5 19 

3 98 

5 10 

Coefficient of Variation (%) 

21 9 

18 4 

21 7 


I 2, Woolsorting practice 

Woolsorting, the first process of preparation in worsted manufacture, is a 
visual-tactile process in which there must be vaned degrees of skill, depend¬ 
ing on the experience of and the care taken by the sorter and on the con¬ 
ditions under which the work is performed Du Plessis® has noted that the 
great care taken in England forty years ago in sorting is no longer evident 
It is suggested here that this may have been for two reasons, either that 
expenence has shown that highly sorted lines were not profitable compared 
with the less well sorted or that in effect, the efficiency of processing was 
not greatly influenced. 

In sorting a "straight type" for topmaking, there are several practices 
obtaining in Australia, namely. 

(1) The purchase of suitably classed types, which are used without further 
sorting 

(2) Sorting in terms of the skirted fleece as the unit (Skirting is the pro¬ 
cess of removing the more variable extremities of the fleece) 

(3) Sorting involving a smaller unit, which is best described as a "hand¬ 
ful" 

(4) Careful sorting in terms of the staple or lock as the unit 
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It IS suggested that by studying the smallest sorting unit and its vanability 
and theoretically combining together staples of given vanability according 
to the general practices m sorting, much may be learned from the vanability 
of the resultant '' straight type Expenmentally it would be a tremendous 
task to gather together staples of like vanability m sufficient quantity to 
make a conclusive manufactunng test The theoretical or anthmetical 
approach, although somewhat tedious, was therefore adopted. Before the 
hypothetical "straight type" may be compounded, there are several 
matters on which information is necessary: 

{d) How carefully does a woolsorter restrict the staples sorted into the given 
type, with respect to such factors as crimp, staple length, etc '> 

[h) What variability of fineness may be expected within the staple^ 

(c) What proportions, relating to crimp and mean fineness, are to be 
adopted in composing a theoretical " straight type "? 

3. The woolsorter and staple crimp 

Lang® had demonstrated the distnbution of cnmps per inch likely to be 
associated with any quality number This may be extensive or restncted m 
its range. In view of this, a number of sorted " straight types " was sampled 
and the distnbution of crimp in 100 randomly selected staples recorded 
Two extreme cases are given in Table I 


Table I 

Frequency of occurrence of staples of various numbers of crimps per inch 
in two lots of sorted wool 


Cnmps (per 
inch) 

Frequency Distnbution of Staple Cnmp (pci cent) 

A B 

6 

— 

4 

7 

— 

2 

8 

3 

6 

9 

8 

6 

10 

19 

10 

11 

26 

10 

12 

19 

14 

13 

16 

10 

14 

6 ! 

12 

15 

3 

7 

10 

— 

7 

17 

— 

2 

18 

— 

0 

19 

— 

2 

20 

— 

2 


While it is obvious that in case A there has been some control of staple 
cnmp during sorting, in case B it is difficult to understand why so wide a 
range of staple crimping has been allowed The selection for staple length 
in case B was fairly restncted, lengths varying from 7 to ii cm. with 94 per 
cent in the 8-10 cm region, hence attention to staple length may have been 
the cause of the cnmp variation. 

It IS obvious that woolsorters may vary considerably m their assessment 
of quality number, if staple cnmping is taken as a cnterion For calculation 
later in this paper it is necessary to make some choice of crimp distnbution 
in the menno qualities 60s, 64s, and 70s, and an arbitrary choice has been 
made to use the distnbutions of the Melbourne group of quality assessors in 
Lang* (T260), which are given as percentages in Table II 
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Table II 

Frequency of occurrence of staples with various numbers of crimps per inch 
in sorted wool (samples from all states : Melbourne assessment: 6 observers 

working as a team) 


crimps per mch 



6-7 

8-9 

10-11 

12-13 




20-21 

60s 

64s 

70s 

7-7 

56*6 

7*5 

30-6 

42-6 

61 

36*0 

76 

7-6 

23-2 

7-6 

64 0 

76 

7-6 


4, Variability of fibre fineness within the staple 

Since a common minimum fleece unit in practice is the staple, the range 
of variability shown therein is of prime importance in discussmg tUs 
problem. The distribution of fibre fineness in the individual staples has been 
determined in the following way. Following Bosman and van Wyk,® samples 
were degreased in cold benzene and later mixed m ether to remove residual 
impurities. The benzene degreased staple was gripped between the forefinger 
and thumb, near the level selected for sampling and the cutting performed 
with scissors to give fibre snippings o 3 mm to 0 5 mm in length. These 
short fragments were mixed thoroughly m ether in a petri dish and when 
“air-dry" were exposed in a desiccator for six hours before transferring to 
the standard atmosphere of 70° F and 65 per cent Relative Humidity for 
24 hours They thus approached the standard atmospheric condition or 
regain from the dry side Clumps taken at random from the dispersed 
fragments in the petn dish were mounted using the medium known as Euparal 
250 measurements were made on each sample, using a Bausch and Lomb 
microprojection unit giving 500 diameters magnification Two observers 
were used, each making 125 measurements, so that confirmation of their 
accuracy could be obtained. Other precautions to maintain accuracy have 
been noted by Lang ® 

In this way the mean and coefficient of vanation of fibre thickness within 
a staple were found for 3647 Menno wool staples. The results are sum- 
raansed m Figure i and Table III The top graph in Figure i shows the 
frequency distribution of within staple coefficient of vanation for all those 

Table III 

Numbers of merino staples with various mean fibre thicknesses and the 
percentages of these having within-staple coefficient of variation above 20% 


(1) 

Staple mean fibre 
thickness, 

F 

(2) 

Number of staples 
with mean shown 
in column (1) 

(3) 

Percentage of the number of 
staples in column (2) with a 
withm-staple coefficient of var¬ 
iation greater than 20% 

16*0—16-9 

72 

40-1 

16-0—16 9 

149 

34-3 

17-0—17-9 

227 

28 2 

18 0-18-9 

329 

20 8 

19-0—19 9 

409 

19 3 

20 0—20 9 

474 

19 8 

21-0—21-9 

539 

15 0 

22-0—22 9 

437 

14 2 

23 0—23 9 

368 

20-1 

24 0-24-9 

280 

17 8 

25 0—26 9 

168 

17 7 

26 0—26 9 

109 

16 0 

27-0—279 

86 

24 6 


1 Mean Percentage of all groups . . 22-1 
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staples that had a mean fibre thickness of 26 0 to 26-9/jt, and similarly for 
the other graphs. Table III gives the number of staples found in each of 
these mean fibre thickness groups and the percentage of staples havmg a 
withm-staple coefficient of variation greater than 20 per cent. 

5 . Crimp-fineness relationship data 

Lang^ has presented data concerning the crimp-fineness relationship in 
Australian menno wool. If from Table II above it be arbitrarily assumed 
that in a 60s ''straight type*' the sorter may .include 7*7 per cent, of 6-7 
cnmps per inch, 56-6 per cent, of 8-9, 30*6 per cent of lo-ii, 5*1 per cent, 
of 12-13 (or indeed any other distribution) it is also necessary to know what 
fineness groups may be represented in the 6-7, 8-9, etc, staple cnmp per 
inch classes. The relationship accepted herein is the set of frequencies found 
by Lang,® which is given in Table IV 

Therefore in any "staple crimps per inch class " staples from the respec¬ 
tive mean fineness groups and in the frequency mdicated must be com¬ 
pounded to give a reasonably true result for that class. 

6 . Arithmetic simulation of straight types ” for topmaking 

(a) Selection of components 

It was decided to construct theoretical straight types for components of 
known coefficient of variation To this purpose suitable actual within staple 
distributions were selected as follows. 

An actual fibre thickness distribution was chosen from those staples 
having a coefficient of vanation between 15 and 16 per cent and also havmg 
a staple mean fibre thickness between 15 and i6ju, this distribution is given 
under the heading "mean fibre thickness 15/1" in Table V Similarly an 
actual distribution was chosen from those staples with a coefficient of 
variation between 15 and 16 per cent and staple mean fibre thickness 
between 16 and 17/x; this is given in the next column in Table V, and so 
on for the other staple mean fibre thicknesses. 

This selection of distnbutions was then repeated from among staples with 
a coefficient of variation between 20 and 21 per cent , and again from among 
staples with a coefficient of vanation greater than 25 per cent. Thus two 
more tables like Table V were built up. These tables are not given in full— 
only the part corresponding to the last two lines of Table V being given (in 
Table VI). 

(b) Vanability in the respective crimp class intervals with the three sets of 

components 

Combining the crimps per inch classes 4-5, 6-7, etc, as in Table IV and 
deriving the distnbutions in the mean fibre thickness intervals and applying 
the data from the within staple frequency distnbutions for staples havmg a 
coefficient of variation between 15 and 16 per cent, the frequency distribu¬ 
tion given in Table VII is obtained. 

Similar tables were constructed for staples with 20-21 per cent, coefficient 
of variation and staples with over 25 per cent, coefficient of vanation These 
are not given in full, only the resulting means and coefficients of vanation 
are given (corresponding to the last two lines of Table VII) in Table VlII. 

(c) Deriving the 60s, 64s and 70s stock from the three sets of components 

It was decided to compose theoretical 60s, 64s and 70s from the fore¬ 
going data, using the distributions of crimps given in Table II. The resulting 
mean fibre diameters and coefficients of variation are given in Table IX. 
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Table IV 

Observed percentage frequency distributions of mean staple fibre thickness 
within crimp classes 



^ . Table V 

Actual witMn staple frequency distributions of fibre thickness for staples 
with a coefficient of variation of fibre thickness of 15 to 16% 


Class 


Mean Fibre Thickness (/*) 


interval 

M 


15 16 


17 


18 


8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 


Mean 
thick¬ 
ness {/jL) 


16 

72 

30 8 

31 6 
17 6 

80 

24 

08 


08 
20 
32 
20 8 
33 2 
22 8 
12 8 
32 
1 2 


15 8 


16 5 


Coefficient 

of 

variation 

% 


15 6 


16-1 


0 4 
2-8 
13 6 
26-0 
24 0 
18 0 
10*8 
4*0 
0*4 


08 
7 2 
23 6 
30 8 
20 8 
9 2 
48 
20 
0 8 


17 8 


18 9 


16 3 


19 


04 
0 4 
14 4 
31 2 
19 6 
10 8 
0*8 
3 6 
04 

0*4 


19 3 


20 

21 

22 

23 

24 

25 

20 

27 

28 



• 

• 


* 

* 

• 


04 

24 

04 

0 4 



08 



112 

36 

24 

0 8 

04 



04 


17-8 

10 4 

14 0 

88 

60 

24 

04 

08 

0*4 

22 0 

19 2 

16 0 

13 6 

14 8 

4*8 

48 

48 

2*4 

26 4 

27 6 

23 2 

19 2 

18 8 

20 0 

12 8 

72 

64 

12 0 

19 6 

22 8 

23 0 

20 0 

22 4 

22 0 

16 0 

14 4 

64 

7 6 

11 6 

18 0 

19 2 

180 

24 0 

23 6 

12*8 

20 

68 

0 4 

10 8 

10*0 

16 2 

14*8 

12 0 

20*8 

1 2 

1 2 

1 6 

2 0 

4 8 

6 4 

92 

14 0 

15 2 

0 8 

, , 

1 2 

0*8 

i 3 2 

56 

52 

12 8 

112 

.. 


0*4 

1 6 

' 2*0 

2*0 

44 

52 

88 

. 

, 

, 

04 

08 

2*0 

08 

2*4 

4*4 


, 




j 04 


08 

20 

. 



i 

1 . 

04 

04 


08 

• 



1 . 


1 04 

04 i 


0*4 

20 9 

21 8 

22*5 

23 6 

24 3 

26 7 

26 6 

27 3 

28 5 

16 6 

16 8 

16 0 

15*0 

15 7 

15 8 

14*7 

15 0 

16 0 


16 0 I 15 8 
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Table VI 

Mean fibre thickness and coefficient of variation for staples selected from 
(a) staples of 20 to 21% coefficient of variation, (b) staples of over 25% 
coefficient of variation 


Mean fibre thickness group 


* 

15 

16 

17 

18 

19 

20 

1 

21 

22 

23 

24 

25 

26 

27 

28 

Mean fibre 
thickness 
(a) 

15 9 

16 6 

17-6 

18 9 

19 2 

20-6 

21-6 

22-6 

23-2 

24 3 

25 4 

, 26 2 

27-3 

28 0 

Coefficient 

of 

variation 

(a) 

19 9 

19-7 

20 5 1 

20-6 

20 6 

20 6 

19 8 

20 1 

20-1 

20 4 

20 4 

20 7 

20-4 

20 8 

Mean fibre 
thickness 

(b) 

15 7 

16 4 

17 1 1 

181 

19 8 

20 3 

21 9 1 

! 

21 7 

23 4 

24 3 

25 4 

25 1 

27*6 

28*2 

Coefficient 

of 

vanation 

(b) 

26-9 

25 3 

33 4 

26 7 

26 6 

26 0 

1 

26 3 

25 8 

28‘8; 

33 9 

26 3 

30 5 

26 6 

24*6 


Table VII 

Percentage frequency distributions showing total variation of fibre thickness 
within a crimp class where within staple coefficient of variation is 15 to 16%, 
i.e. results of Tables IV and V combined 




Fibre 

thickness 


Crimps per inch classes 


interval 











(/i) 

4-5 

6-7 

8-9 

10-11 

12-13 

14-16 

16-17 

18-19 

20-21 

22-23 

8 





0 1 


01 

01 

0 1 

02 

10 



0 1 

02 

03 

02 

0*4 

04 

10 

12 

12 

01 

02 

0*5 

10 

1*2 

12 

16 

2*1 

41 

45 

14 

0*4 

09 

26 

47 

65 

62 

89 

113 

19*4 

21 7 

16 

10 

29 

69 

10 6 

13 9 

13 5 

17 I 

20 9 

26 9 

28*7 

18 

45 

8*6 

13 7 

16 8 

19 2 

19 2 

21 7 

23 8 

212 

22 1 

20 

8-2 

12 5 

16*7 

17 0 

17 5 

17 6 

17 4 

17 C 

13 4 

12 7 

22 

14 6 

18 5 

19*6 

19 0 

17 4 

17 6 

15 3 

12 8 

83 

5 9 

24 

18'7 

18 9 

16-3 

14 2 

11*8 

12 0 

96 

6 6 

4*0 

23 

26 

16 6 

14 7 

11 1 

83 

65 

66 

45 

2*7 

1 6 

0 6 

28 

13 7 

10 1 

68 

49 

3 6 

3 7 

23 

1 3 

06 

0*1 

30 

86 

5 1 

29 

1 6 

10 

1 1 

0 () 

0 3 

02 


32 

66 

37 

20 

10 

06 

0 7 

04 

02 

02 


34 

41 

22 

1 1 

05 

03 

04 

0 1 

. 


, 

36 

20 

1 0 

05 

02 

01 

0 1 





38 

07 

03 

01 







, 

40 

03 

0 1 

01 

. 



1 




42 

02 

0 1 

0 1 





• 


• 

Mean 

thickness pt 

25-7 

24*0 

22 3 

21 1 

1 

20 3 

20*4 

19 4 

18*6 

17 4 

16 9 

Coefficient of 


1 


-J 







_ variation % 

18-0 

18*6 

19 9 

19 7 1 

199 

19 8 

19 6 

18 8 

19 6 

17 3 
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Table VIIX 

Resultant fibre characteristics of crimp classes when within staple coefficient 
of variation is (a) 20 to 21%, (b) over 25% 


Crimps per inch 



4r-5 

6-7 

8—9 1 

10-11 

12-13 

14-15 

16-17 

18-19 

20-21 

2^23 

Mean 
thickness 
(a) ^ 

Coefficient of 
vanation 

25 4 

23 7 

22 1 

20 9 

20 1 

20 2 

19-4 

18 6 

17*4 

16 8 

22 8 

23 1 

23 9 

23 8 

23 6 

23 8 

23-1 

22 6 

23*1 , 

213 

(a) 

Mean 

thickness 

W 

Coefficient of 
variation 

25 6 

23 9 

22d 

20*9 

20 1 

20 2 

19 3 

18*4 

17*3 

16-7 

28 8 

29-8 

30 3 

29 7 

20 0 

30 0 

29 3 

28 2 

29 0 

271 

(b) 












Table IX 

Fibre characteristics of straight types compounded from staples having 
various within staple coefficients of variation of fibre thickness 


Within staple 
coefficient of 
variation 

Quality number 


GOs 

64b 

70s 



22 0 

20 7 

19 5 

Mean fibre 
thickness, /e 

16 — 16% 




20 2 

200 

20 0 

Coefficient of variation 
of fibre thickness 


21 7 

20 6 

19 4 

Mean fibre 
thickness, fx 

20 — 21% 




24 2 

23 9 

23 4 

Coefficient of variation 
of fibre thickness 


29 9 

20 6 

19 2 

Mean^ fibre 
thickness, /i 

over 25% 





30 7 

29*7 

29 4 

Coefficient of variation 
of fibre thickness 


(i) Resultant ” stock'' derived from proportions of components of different 
vanabihties 

The next question that arises concerns the calculation of theoretical 
"straight types" of 60s quality from different proportions of components 
drawn from the 15-16 per cent. (Fi,), 20-31 per cent. (F20) and over 25 per 
cent (F2,) coefficient of variation results denved above. These are given in 
Table X. 

{e) The effect on the resultant " stock ” of substituting 10 per cent of a more 
variable component of a range of mean thicknesses 
It IS mteresting to see the effect of substituting 10 per cent of an over- 
25 per cent.-coefficient-of-vanation-component in a resultant "stock" com¬ 
pounded from components of 15-16 per cent, coefi&aent of variation. It 
must be remembered that the effect of such substitution is dependent on the 
mean fineness of these components compared with that of the onginal 
" stock " in which they are substituted. As the mean of the substituted 
fraction passes from one extreme of the range to the other, it is found that 
the coefficient of vanation first decreases to a minimum and then increases. 
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Table X 

Fibre characteristics of straight 60s tops compounded of various proportions 
of components having different within staple variability 


Proportions of components 

Coefficient of 
variation, % 

Mean fibre 
thickness, 

■ 

F 20 


10 

0 

0 

20*2 

22-0 

8 

2 

0 

21-1 

21-9 

6 

4 

0 

22 1 

21-9 

4 

6 

0 

23 0 

22 0 

2 

8 

0 

23 4 

21-9 

8 

1 

1 

22 4 

22-2 

7 

2 

1 

22-7 

22-2 

6 

3 

1 

23 0 

22*2 

5 

4 

1 

23-2 

22 2 

4 

5 

1 

23 6 

22 1 

3 

6 

1 

23 9 

22*1 

2 

7 

1 

24-1 

22 1 

1 

8 

1 

24-6 

22 0 

7 

1 

2 

23 4 

22 2 

6 

2 

2 

23 6 

22 2 

5 

3 

2 

23 8 

22-2 

4 

4 

2 

24*1 

22*2 

3 

5 

2 

24-6 

22 1 

2 

6 

2 

24 9 

22*1 

1 

7 

2 

26-0 

22 1 


The change in the resultant coefficient is significant and not negligible. This 
IS shown by the figures in Table XI, which gives the coefficients of variation 
of mixtures of 

90 per cent of stocks of three qualities compounded from staples with 
within staple coefficient of variation=15-16 per cent, 

10 per cent of a stock whose mean fibre thickness is given in the first 
column and which has {a) 30-21 per cent within staple coefficient of variation, 
(6) over 25 per cent coefficient of variation. 

Table XI 

Per cent, coefficients of variation of resultant stock (see text} 


Mean thickness 
of the 10% part 

10% part has within 
staple coefficient of 
variation 20—21% and 
quality No of 90% 
part IS 60s 

10% part has withm staple 
coefficient of variation over 
26% 


Quality No of 90% part. 

60s 64s 70s 

16 

220 

22*6 

21 8 

21 4 

17 

213 

21*8 

21*4 

20*9 

19 

20-7 

211 

20 6 

20*7 

21 

20-4 

20*6 

20 3 

20 8 

23 

20 0 

21*1 

21*3 

21*9 

25 

20 8 

21 6 

21 9 

22 8 

27 

214 

22*1 

22 7 

23 9 

Coefficient of variation 
of the 90% part with¬ 
out addition of the 10% 

1 




part . 

1 20 2 

20*2 

20*0 

20 0 

Mean fibre thickness of 





the 90% part, fj, 

1 22*0 

22 0 

20*7 

19 5 
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{f) Coefficient of vanation of resultant stock" if all survey samples are 
combined %n their various cnmp classes 
The coefficients of variation for the frequency distnbution of fibre thick¬ 
ness for the ''crimps per inch'' classes on the Menno Survey of Lang^ 
(2,416 samples) determined as before are given in Table XIL If the 
respective distributions are combined in the proportions of Table II for the 
three quality numbers 60s, 64s and 70s, the coefficients of vanation for the 
resultants are 23*2, 23 4 and 21 7 per cent , respectively 

Table XII 

Coefficients of variation of fibre thickness within crimp classes 


1 

Cnmps per inch 

Coefficient of 

Mean fibie 

Variation, 

thickness, // 

4—5 

24 8 

27 0 

6—7 

23 9 

23 3 

8—6 

22 8 

22-1 

10—11 

22 5 

20 9 

12—13 

23 1 

20 0 

14—15 

219 

19 9 

16—17 

213 

19 6 

18—19 

20 0 

18 2 

20—21 

19 8 j 

18 2 

22, 23, 24 

20 9 

16 7 


DISCUSSION 

The first assumption that has been made is that a " stock " or " straight 
type " is composed of staples of varying degrees of uniformity In classing, 
some of the shorter and lesg desirable portions of the lieecc are skirted off, 
but usually the wool amves in the sorters' hands in fleece units. These 
may be sorted in fleece units or, as in the most carctul practice, be divided 
into staple or near-staple units Let the more careful practice be assumed. 

The woolsorter may be charged with the responsibility of obtaining a 
uniform line, with respect to staple fineness or staple length or both. 
Thus he may emphasise length at the expense of fineness or vice versa As 
indicated in Table I, section 3, his performance as measured by uniformity 
of staple crimping is sometimes rather surpnsing. In assessing menno fine¬ 
ness, crimp is used as a major guide It is suggested that the woolsorters' 
performance m reducing the variability of the raw material by careful sorting, 
is very much taken for granted by the manufacturer It is true that he 
serves a very useful purpose m ridding the raw matenal of staples contain¬ 
ing certain contaminants or in assessing the extent of such contaminants 
For example, m the manufacture of white knitting yarn, the removal of 
every sign of brand-contaminated wool is essential However, m respect to 
the reduction of vanability of the raw material, it is submitted herein that 
he suffers certain very senous disabilities In the first instance, if he 
depended on cnmp to guide him in establishing fineness, and if he selected 
staples of a restneted range of crimping, since Lang- has shown that in 
handling large numbers of staples there is a correlation of cnmp and 
fineness, he will to some extent restnet the range of fineness, but in practice 
the woolsorter seems not necessarily to be able to select to a restricted cnmp 
range. A wide variety of crimp ranges may be delected m moving about 
the Australian sorting community While some of this is obviously careless 
sorting, the distribution B (Table I) was the work of three serious-minded 
sorters working in almost complete silence They stated that they were not 
wittingly sorting for length alone, but were trying to get a reasonably uniform 
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Fig I Frequency distribution of coefficients of variation within a staple for 
various values of the mean fibre thickness within the staple 
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fineness and length. Distribution B is typical of their usual result. If such 
sorters are not selecting to a limited range of cnmp as a guide to fineness, 
and if as Lang^® has illustrated, visual discrimination of fineness to less than 
3 microns, with the best of lighting and backgrounds and conditions for com¬ 
parison, seems impossible, then tactile assessment alone is responsible. If, 
however, when these staples are measured for finen^s, the mean thicknesses 
vary according to the cnmp-fineness relationship table, it would seem to 
indicate that the woolsorter is working somewhat uncritically. The laws of 
probabihty seem to affect the proposition as seriously as the sorters' powers 
of assessment. 

To return to the staple umts, their coefficient of variation may range from 
10 per cent to approximately 30 per cent, (see Fig i). A question which 
immediately anses is, what kind of variability would be obtained if all the wool 
samples in any one cnmp group were combined Table XII shows that the 
coefficient of variation for the groups which occur most frequently, namely 4-5, 
b-7, 8-9, lo-ii and 12-13 cnmps per inch, are around 23-24 per cent. As the 
cnmps per inch increase, the coefficient of variation drops to the 20-22 per 
cent range If then these cnmp groups be combiifed in a typical propor¬ 
tion to represent 60s, 64s and 70s, it is found that the resultant coefficients 
of vanation are 23 2 per cent., 23*4 per cent, and 217 per cent., which shows 
that to keep within the 23 per cent, limit requires the elimination of but few 
vanahle sample? in the 60s and 64s and none at all in the 70s. While this 
appears to minimise the significance of variable wools, it must be remem- 
beied that such distributions include large numbers of very uniform staples 
as well as the more variable representatives of the class. Experience in 
measuring large groups of staples from different clips and from different 
flocks suggests that the distributions quoted for groups combining samples 
from Australia-wide sources are not necessarily typical of different clips or 
flocks. Some flocks are almost entirely composed of sheep from which test 
samples average well below a 20 per cent coefficient of variation On the 
other hand, there are a number of merino flocks, usually among those pro¬ 
ducing 60s types whose average coefficient of variation in representative 
staples is around the 25 per cent mark If a stock be made from a large 
lot from such a source as the last mentioned, it would, m the light of the cal¬ 
culations of section 6, have an over-all coefficient of vanation higher than a 
stock compounded from a source of the first mentioned type. In Australian 
manufacturing practice, it is not uncommon to work on straight-lines from 
limited sources, whereas it is less common overseas. Since the former prac¬ 
tice does obtain, it behoves the breeder and flock master to take notice of 
such a fact, so that if there is any unfavourable significance in using wools 
of high vanability, his clip does not achieve manufacturing notoriety as a 
poor spinner. 

A straight type sorted from a number of sources will tend to approach 
the over-all variabilities reported in Table XII, However, the best advice 
to the breeder on this subject must take account of the first mentioned prac¬ 
tice, which may reveal unfavourably a clip of greater over-all variability. 
Probably only a minority of clips are involved, but in terms of sheep num¬ 
bers, these represent some millions of sheep in the Commonwealth of 
Australia and the problem is therefore not unimportant. 

To gather information on the resultant variability of a straight type com¬ 
posed from staples of the same coefficient of variation, three sets of actual 
frequency distributions were chosen (Tables V and VI), representing 15-16 
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per cent., 20-21 per cent, and over 25 per cent, coefficient of variation. 
These were first compounded in the proportions suggested by Lang's^ crimp- 
fineness relationship (Table IV) to give frequency distributions in the main 
cnmp classes. The three sets of results are given in Tables VII and VIII. 
At this stage, it was necessary arbitrarily to select a typical cnmp distribu¬ 
tion for 60s, 64s and 70s, sortings. As a basis for this an assessment by six 
Melbourne experts working as a team and giving one of the more restricted 
distributions in terms of cnmp (Lang®) as shown in Table II, was selected. 
The distributions of Tables VII and VIII were then recomposed in the pro¬ 
portions given in Table II, giving the resultant coefficients of variation for 
the completed "straight type" sorting shown in Table IX It will be seen 
from Table IX that for components of 15-16 per cent coefficient of varia¬ 
tion, the final coefficients of variation for 60s, 64s and 70s are 20 2, 20-0 and 
20-0, respectively, that is, an increase of 4-5 per cent in the coefficient of 
vanation of the resultant over that of the components For the components 
of 20-21 per cent, coefficient of variation the increase is approximately 3-4 
per cent, and for the components of over 25 per cent coefficient of vanation, 
approximately 3-5 per cent. In these three cases the resultant stocks are of 
the order of 3-5 per cent, greater coefficient of vanation than the ingredient 
staples 

It has been noted that the coefficient of vanation of a "straight type" 
menno top is not usually higher than 23 per cent It has been indicated that 
the elimination of the noil from the original stock cannot greatly change the 
variability and hence for the puiposes of this paper, its removal has been 
ignored as not significant to the main argument. 

The first conclusion in this aspect of the problem is that m the purely 
hypothetical case of a stock from components of identical variability, the 
variability of the whole, expressed as a coefficient of variation, is greater 
than that of the single components. This hypothetical case, however, gives 
useful general guidance. 

It IS obvious that for those tops whose coefficient of variation lies below 
20 per cent., as some do, the components must have been of lower variability 
on the average and if ingredient staples of over 20 per cent, coefficient of 
variation were included, then a proportion of very uniform staples must 
also have been included to offset the effect of the very variable ones on the 
variability. It is interesting to note too that if 15-16 per cent, coefficient of 
vanation components cause a final stock to rise to approximately 20 per 
cent, coefficient of variation, then there is no great scope for the addition of 
staples of greater vanabiiity, as their presence must be offset with com¬ 
ponents of coefficients less than 15-16 per cent, and Figure I shows that 
there is a lower limit of 10 per cent to these possibilities. 

In Table X, the effect on the variability of a 60s compounded of staples 
of 15-16 per cent, coefficient, by substituting increasing fractions of 20-21 
per cent, coefficient and also of " over 25 per cent." coefficient is recorded. 
A combination of 40 per cent, of Fi* (using the nomenclature of Table X) 
and 60 per cent. Fao brings the final coefficient to 23 per cent, which for 
for the purposes of the paper, will be regarded as the upper limit in general 
practice. A second conclusion may be inferred here, namely, that the staples 
of Fao combined with proportions of Fis, which might be reasonably expected 
to occur, are relatively safe, if the limit of 23 per cent, for the resultant is 
not to be passed. 
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On the other hand, the presence of lo per cent of F.-, is responsible for 
the significant increase of the resultant coefficient towards the limit with large 
proportions of Fis still present Any stock with a coefficient below 23 per 
cent, cannot afford to have 10 per cent, of F^s without a large proportion of 
Fis The presence of 20 per cent, of F.-; with the minimum of to per cent 
of Foo and the rest of F^s, has passed the suggested limit A third conclusion 
suggested by this is that a clip or lot with 10-20 per cent of staples of over 
25 per cent, coefficient of variation would be likely to cause a resultant over 
the 23 per cent, limit. Hence F2-. components need to be kept to a minimum 
if the limit is not to be exceeded. 

Then too, the significance in this respect of the components of various 
mean thicknesses is different. Those of similar mean to the resultant will 
have a mmimum effect, while those varying widely in mean thickness from 
the resultant mean will have the greatest influence. This has been confirmed 
in Table XI for 10 per cent, of F25 components substituted in 60s, 64s and 
70s and 10 per cent, of F20 components substituted in 60s, the 60s, 
64s and 70s original being compounded of Fia components. As the sub¬ 
stituted 10 per cent fraction changes in mean thickness from one side of the 
resultant mean to the other, there is a measurable change in the variability. 
This leads to a further conclusion—that a variable staple, whose mean is very 
different from the general stock mean has more influence on the variability 
than one whose mean is similar. In practice an Fo, or Fao component whose 
mean lies beyond the fineness limits of 17-24 microns is more sigmficant as a 
cause of variability than one lying within this range 

In using an arithmetic treatment the actual examples of frequency distn- 
butions will be noted as being logarithmic normal rather than normal 
(Malan“), and the assumption has been made that the wools were reasonably 
sound as would be expected in worsted raw material, otherwise the upper 
limit to the coefficient of variation would have been above 30 per cent. 

It is suggested that staples of over 20 per cent, coefficient of variation 
lying beyond the limits of 17-24 microns mean fineness are significant as 
increasers of vanabihty, their significance being proportional to their quan¬ 
tity. It is also indicated that the higher the coefficient of variation over the 
20 per cent, mark, the more significant in general the effect m increasing 
variability with respect to a limiting variability of 23 per cent for the 
resultant top. In general a stock is likely to have a coefficient of variation 
3-5 per cent, above that of the average coefficient of its components The 
quantity of any coefficient of vanation group and the actual variation, are 
interdependent in establishing the measure of the significance in increasing 
variability of the stock. 

As a general guide to menno studbreeders, based on Noble combed top 
considerations alone, staples of coefficient over 25 per cent, should be 
regarded as undesirably variable, if present in any number, particularly if 
the remainder of the clip is of the order of 20 per cent coefficient of variation 
Odd cases in a uniform clip would be of negligible significance. As the 
average coeffiaent of vanation of the staples in a clip approaches 20 per 
cent, then those of 21-25 per cent, coefficient become increasingly signi¬ 
ficant. In drawing these general conclusions, no attention has been given to 
genetic enteria, which may require lower limits if the topmaking raw material 
is to be kept within the suggested limits. 
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CONCLUSIONS 

(i) In Australian woolsorting practice there may be wide limits in the 
enmp of the component staples in one quality number 

{2) It is suggested that the value of the woolsorters’ performance in 
reducing vanability of the raw material may be over-estimated. 

(3) If the large number of frequency distributions in each of the crimp 
groups is compounded into one frequency distribution for each group, the 
coetficient of vanation of the resultant for the mam groups is between 23-24 
per cent. Straight types'" composed from a very wide range of sources 
would tend towards these values. 

(4) For components of a limited range of vanation, namely, 15-16 per 
cent, 20-21 per cent.; or over 25 per cent coefficient of variation, when 
compounded in proportions indicated by data concerning mean fineness 
distnbution in the crimp groups and then further compounded in quality 
numbers, according to the proportions in which the enmp groups were repre¬ 
sented in an authoritative assessment, the resultant coefficients of variation 
were several per cent higher than those of the components, namely. 



15—16% 

20—21% 

over 25% 

60s 

202 % 

24-2% 

30 7% 

64s 

20-0% 

23 9% 

29 7% 

70s 1 

20-0% 

23 4% 

29 4% 


(5) For a higher limit to coefficient of vanation of fineness of 23 per cent, 
for merino Noble combed tops it is obvious that the average coefficient of 
variation of the components must be slightly below 20 per cent, and if com¬ 
ponents of over 20 per cent, arc included, then a corresponding correction 
by the inclusion of components much less than the average is necessary, if 
the top vanation is to remain within the upper limit. 

(6) Components of over 25 per cent coefficient of vanation in respect to 
fineness are particularly significant in causing the variability of an average 
‘'type" to increase rapidly 

(7) The mean fineness of the variable components is also significant in 
increasing variability, as those whose mean is similar to the bulk cause less 
change than those which are more distant from this mean A menno com¬ 
ponent whose coefficient of vanation is over 20 per cent, and whose mean 
lies outside the 17-24 micron range m regarded more significantly than those 
lying within. The significance is proportional to their quantity. 

(8) The above conclusions are drawn on the assumption "that 23 per 
cent is the upper limit to the coefficient of variation of mean fineness in 
practice in menno tops No attention has been paid to genetic criteria. 
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35-CALCULATIONOFTHE COEFFICIENT OF VARIATION OF 
FIBRE DIAMETER IN A BATCH OF SORTED WOOL 
BY SYNTHESIS OF VARIANCE 

By R. C. Palmer 

{Copyright by the lixtile Institute) 

In the foregoing paper Lang' has calculated the distnbution of fibre 
diameter in a batch of sorted wool from a knowledge of certain data, which 
he has found experimentally. 

His method of analysing the problem is consistent with the view that a 
wool sorter sorts by staple crimp He has accoidmgly found“ the distnbu¬ 
tion of staple crimp in some typical batches of sorted wool, that is to say, 
he has found the frequency of occurrence, in the batch, of staples with six 
enmps per inch, seven crimps per inch, eight crimps per inch, Further, 
Lang' finds that the mean fibie diameter of staples of the same crimp class 
are not all the same, and he has measured’ the distribution of staple mean 
fibre diameter within each crimp class. Finally the fibres in one staple have 
not, of course, all the same diameter, but have a certain spread about the 
staple mean. 

There are thus three sources of variation of fibre diameter in the final 
sorted batch: 

(«) Variation of crimps per inch from staple to staple, the sorter's con- 
tnbution 2 c, between crimp classes, 

(b) Variation of staple mean fibre diameter for the same crimps per inch, 
t,e between staples wtihtn enmp classes. 

It will be convenient in what follows to call the mean fibre diameter 
within a staple the '’staple diameter 

(c) Vanation fiom fibre to fibre in the same staple, t,e within staples 

To calculate the coefficient of variation of the final sorted batch, Lang' 
adds the various distributions together arithmetically. It is the purpose of 
the present note to show how the coefficient of variation of the sorted batch 
can be found quite simply from the three sources of vanation above, by 
adding the squares of three coefficients of variation. The advantage of this 
method, apart from the saving of time, is that it shows clearly how the 
vanability of diameter m the sorted batch anses, and enables one to see at 
a glance what would be the effect of altenng one or other of the sources of 
variation. 

SYNTHESIS OF VARIANCE METHOD AND DISCUSSION OF ITS 

ACCURACY 

Make the approximation that all locks have the same total length, i e. 
that if all the fibres are put end to end, the length of this line is the same 
for each lock This approximation is also inherent in the arithmetical sum¬ 
mation method 
Variation of Staple Diameter 

The coefficient of variation of staple diameter is almost constant from 
crimp class to crimp class This can be seen from Table I, which shows these 
coefficients of vanation calculated from the data given by Lang."* The 
coefficient of variation shows no trend with crimp class and so we may 
probably safely ascribe the variations to random sampling. Whatever the 
cause of the variations, however, it is evident that they are small and that it 
IS consequently a good approximation to take the coefficient of variation as 
constant. It is this fact that makes easy the short method of calculating the 
coefficient of vanation of the sorted batch For, if the coefficient of variation 
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IS constant from cnmp class to crimp class, the standard deviation of log 
(staple diameter) will be constant from cnmp class to cnmp class, since the 
standard deviation of the log distnbution is equal to the coefficient of 
vanation (expressed as a fraction not as a percentage) of the corresponding 
ordinaiy distribution This is strictly only an approximation, but is a good 
approximation if the coefficient of vanation is small and the distribution is 
fairly symmetrical, both of which conditions are satisfied in this case 


Table I 

Mean and Coefficient of Variation of Staple Biameter* within various Crimp 

Glasses 


1 

1 

Crimps per inch 

Staple diameter* 

Degrees of 

Freedom on which 
Coefficient of Variation 
is based 

]Meaii, /I 

Coefficient of Variation 

4 

26 6 

18 4 

7 

5 

26 7 

12 3 

38 


24*2 

120 

159 

7 

22 9 

11 0 

165 

8 

21 9 

13 6 

363 

9 

j 214 

1 11*7 

1 217 

ID 

' 20 6 

1 13 3 

! 477 

11 

20 4 

12-8 

186 

12 

19 6 

12 9 

: 315 

13 

10 4 

‘ 12 0 

' 89 

14 

19 8 

13 2 

130 

16 ' 

10 6 

13 4 

47 

16 i 

18 6 1 

14 0 

113 

17 1 

19 5 

13 0 

12 

18 1 

184 

10 8 

18 

19 1 

17 2 

12*1 

13 

20 ' 

16 5 

16 6 

21 

21 

20 0 

14 2 

1 

22 

16 1 

94 

11 

23 1 

16 0 

18 9 

5 

24 

14 6 

5*6 

6 

Average 


12 8 



* By “ staple diameter is meant the mean fibre diameter within a particular staple 
Variation within a Staple 

If the coefficient of vanation of fibre diameter within a staple is taken 
as constant from staple to staple, the same remark applies, viz. that the 
standard deviation of log (fibre diameter) will be constant from staple to 
staple In this case the highest coefficient of variation considered by Lang,^ 
0 28 (28 per cent.), is on the border line of ** smallbut the approximation 
IS still fairly good as will be seen later 

Since on the one hand the coefficient of vanation of mean diameter from 
staple to staple within a crimp class, and on the other hand the coefficient of 
vanation of individual diameter within a staple are both constant, we can 
find the coefficient of vanation of fibre diameter within a cnmp class by 
adding the squares of the two first mentioned coefficients of vanation This 
process is equivalent to adding variances of the corresponding logarithmic 
distnbutions. In other words when in a set the distnbutions are log normal, 
in place of the well known additivity of vanances it is convement to use the 
additivity of coefficients-of-vanation-squared. 

Of the three sources of vanation, (a), (b) and (c), listed above, two, viz 
{b) and (c) are thus readily found. For the item (c) we take the arbitrarily 
chosen within staple coefficient of variation, for example 15-5 per cent, or 
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20*5 per cent, as chosen by Lang For item {b) we take the average 
coefficient of vanation between staples within a crimp class, which for merino 
wool IS 12 8 per cent (see Tabic I), Item (^) is found as in the next 
paragraph. 

Variation between Crimp Classes 

The "between cnmp classes” contribution is found by calculating the 
coefficient of variation of mean staple diameter between cnmp classes. Take 
as an example the distribution of crimp classes in the 64s wool sorted by the 
Melbourne group of assessors (Lang’) given m Table 11 . In this wool the 
cnmp classes shown in the first column occurred with the frequency shown 
m the second column. Now the average staple diameter for staples of 8 and 
9 crimps per inch is 21 73 //, and so on (see Table II), 


Table 11 


Crimps pel inch 

Frequency 

!Mean diameter, fji 

8 — 0 

0 076 

21-73 

10 —U 

0•425 

20 46 

12—13 

0 350 

19 60 

14—16 

0 076 

19-70 

16—17 

0*076 1 

18-68 


The second and third columns of Table II form a little diameter distribu¬ 
tion whose coefficient of vanation is found to be 3 5 per cent 


The Addition of the Variances 

It is now possible to find the coefficient of variation in a sorted batch 
composed of staples of any chosen within staple coefficient of variation We 
have 

(a) between cnmp classes coefficient of variation = 3 5 per cent. 

(&) between staples within crimp classes coefficient of variation =12 *8 per 
cent. 

(c) within staple coefficient of vanation (as under). 

This leads to the results given m Table III. Note that it is not necessary for 
calculation purposes to express the coefficients of vanation as fractions; they 
can be used directly as percentage figures, when the final result will also be 
given as a percentage. 


Table III 


Within staple 
Coefficient of 
Vanation 

j IS 

i6«o 

20 6% 

1 

1 27 6% 


Coefficient 

(Coefficient 

Coefficient 

(Coefficient 

Coeffiicient 

(Coefficient 


of variation 

of vanation)^ 

of variation 

of variation)® 

of variation 

of variation)® 

1 Between crimps 

36 

12 

36 

12 

36 

12 

Between locks 

12 8 

104 

12-8 

164 

12 8 

164 

Within locks 

16-6 

240 

20 5 

420 

27 6 

762 

Total 


416 


596 


938 

V=resultant 







Coefficient of 







Variation 


20 4 


24 4 


30-6 

Value obtained by 







arithmetical 







summation 


20 0 


23 9 


29-7 


27 6% was chosen because it is the average C of V within staples for those staples 
whose within staple coefficients of vanation are over 26% as found by Lang. 
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The results by synthesis of variance and by arithmetical summation are 
not identical because (i) wntmg the square of the coefficient of variation for 
the variance of the log distnbution is only an approximation, (li) in the 
arithmetical summation method individual between-lock-withm-cnmp class 
distnbutions are used whereas we have used the mean coefficient of variation 
of them all, 12*8 per cent If the reason for the variation of the coefficients 
of variation in Table I is really just random sampling vanations, as seems 
likely, then to take the mean coefficient of vanation, 12 8 per cent, is better 
than to take the individual distnbutions, and to that extent this short method 
is better than the summation method But the chief cause of the small dis¬ 
crepancy between the two sets of results is probably reason (i). We conclude 
then that the values given by the short method are likely to be m error by a 
maximum of about one unit in coefficient of vanation. This error, however, 
is unimportant because the values deduced by the short method will form a 
consistent set, that is to say comparisons can be made amongst them with 
confidence 

The chief advantage of this method over arithmetical summation of dis¬ 
tnbutions is that it displays the sources of vanation and their contribution to 
the vanation m the final sorted batch The whole process resembles an 
analysis of variance in reverse, in fact it is a synthesis of variance. 

MORE COMPLICATED CASES 
1. Within Staple Coefficients of Variation not all the same 

Where the staples do not all have the same within staple coefficient of 
variation, one must of course use a weighted average for the within staple 
coefficient of vanation Consider as an example a batch of similarly sorted 
64s wool, composed of seven parts of staples having a 15*5 per cent, 
coefficient of variation, two parts of staples having a 20*5 per cent coefficient 
of variation, and one part of staples having a 27 6 per cent, coefficient of 
vanation This is one of the examples considered by Lang. The addition 
of coefficients-of-vanation-squared is carried out thus: 


Between enmp classes .. ..... (3 6®) 12 

Between staples within crimp classes . ... (12*82) 164- 

Within staples ... . . . (0 7 x16 62) 168 

(0 2 x20 6*) 84 

(0-1 x27 6*) 76 

- 328 


504 

square root=coefficient of variation of sorted batch=22 5%. 

Result obtained by arithmetical summation, 22 7%. 

2, The Coefficient of Variation of a Mixture of two or more Batches 

Suppose that one mixes two batches of wool, each with its own mean 
diameter and coefficient of variation, what is the coefficient of variation of 
fibre diameter in the mixture? Let the two components be mixed as follows: 
fraction of component i with mean diam. and coefficient of variation Ci 

f t ^3 $i 2 ,, ,, ,, f* ff »* ^2 

Then it can easily be shown that the resultant coefficient of vanation is 
given by 

C® = XiCi® + AJaCa® *f IO,OOOA7i^a X 2 • 3 O® X ^OgiQ^ 

(If the coefficients of variation are expressed as fractions, not as per cent., 
the factor 10,000 is left out.) From this formula it follows at once that Ci and 
Ca are fixed, and if Xi and X2 are fixed, then C is a minimum when 
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That IS to say if two batches of wool each with a given coefficient of vanation 
are mixed in a given ratio, the coefficient of variation of the mixture will be 
a minimum if the two batches have the same mean fibre diameter. This is 
one of the conclusions derived from the arithmetical summation method. 

To investigate the accuracy of the above formula consider the addition of 
one part of a stock of 27 • 6 per cent, coefficient of vanation and various mean 
diameters to ten parts of a stock of mean diameter 20 7/1 and coefficient of 
variation 20 o per cent These syntheses of vanance are given in Table IV. 


Table IV 

Synthesis of Variance for the Addition of 10% of Components of over 26% 
Coefficient of Variation to a Stock of mean Diam, 20*7 ll and Coefficient of 

Variation 20*0% 


Source of variation 


Diameter 

of addition, ju 



15 

17 

19 

21 

23 

25 

27 

X 

360 

360 

360 

360 

360 

360 

360 

Y 

76 

76 

76 

76 

76 

76 

76 

Z . 

93 

35 

7 

0 

10 

36 

64 

Total 

529 

471 

443 

436 

446 

472 

500 

Resultant Coefficient of Variation .. 

23 0 

21*7 

21 0 

20*9 

21*1 

21 7 

22 4 

Value obtained by anthmetical 
summation 

21 8 

214 

20*6 

20*3 

21 3 

21 9 

22 7 


X=: Contribution of original stock, 

y=ContnbutioU of added stock, f d\^ 

2'=Contribution due to difference m moans 10,000.ri ;ra x 2 30* X ^ 


This example is unfavourable to the formula because the approximation 
that the standard deviation of a dibtnbulion of loganthms is equal to the 
coefficient of variation of the corresponding ordinary distribution holds only 
for small coefficient of variation, and 0 276 is on the borderland of "smair* 
Yet the values obtained by the formula agree quite well with the arith¬ 
metically derived values. The only exception is the first result (23 0 as 
against 21*8), and in this case the arithmetical value is probably partly in 
error due to the random sampling errors inherent in using an actual sampled 
distnbution, as one must in the anthmetical method. 

The formula can easily be extended to cover a mixture of three or more 
batches all with different means and coefficients of variation. If fractions, 
Xi X2 of batches of wool of mean diameters di d. and coefficients of 
variation CiCaCj are mixed, the coefficient of vanation of the mixture C is 
given by 


+ 10,000x2*30' 




AN APPLICATION 

Lang^ gives two examples of sorted wool which in his experience are 
extremes. These are given in Table V Both are 64s quahty. In A staple 
crimps only vary from 8 enmps per inch to 15, while in B the vanation is 
from 6 to 20 enmps per inch The mean staple diameter corresponding to 
each crimp class is taken from Table I. The two distnbutions in Table V 
are considered as diameter distributions, and the means and coefficients of 
variation are given at the bottom of the Table Let us take the within staple 
coefficient of variation as 20 per cent. The between staple-within-cnmp-class 
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coefficient of vanation is 12*8 per cent, (see Table I) The syntheses of 
variance for the two wools A and B are then as in Table VI. 


Table V. Distribution of Crimp Glasses in two Batches of sorted 64s Wool 


Crimps per inch 

Mean staple diameter, 

Frequency 
Wool A 

frequency 
Wool B“ 

6 

24 2 


4 

7 

22 9 


2 

8 

21 9 

3 

6 

9 

21*9 

1 8 

6 

10 

20-5 

19 

10 

11 

20 4 

; 26 

10 

12 

19»6 

19 

14 

13 

19 4 

16 

10 

14 

19 8 

1 6 

12 

16 

19 6 

3 

7 

It) 

18 6 


7 

17 

19 5 


2 

18 

18 4 


6 

19 

17 2 


2 

20 

16-5 


2 

Mean diameter 

Coefficient of variation, % 


20-2 

3 7 

20-0 

72 


Table VI. Synthesis of Variance for the two sorted Wools of Table V 



1 Wool A 

Wo< 

1 

Dl B 

Coefficient 
of vanation 

(Coefficient 
of vanation) 3 

Coefficient 
of variation 

(Coefficient 
of variation)- 

Between crimp classes 

3 7 

14 

72 

62 

Between staples within a 





enmp class 

12*8 

16+ 

12 8 

164 

Within staples . 

20 

1 

4f)0 

20 

400 

Total 


378 


616 

Resultant Coefficient of 





Vanation 


24 0 


24 8 


There is very little difference between the resultant coefficients of 
variation 24*0 and 24 8. This is because as can be seen from the Table the 
'"Between crimp class" contribution (14 and 52 respectively) is quite a 
small part of the total Wool B, with its large range of cnmpmg and so of 
staple diameter, would normally perhaps be considered badly sorted, yet the 
vanability of diameter in this sorted batch is \ery little worse than that of 
the carefully sorted wool A 

Even a batch of wool sorted from these same fleeces staple by staple so 
as to contain only staples of a single crimp class, say ii crimps to the inch, 
would have a coefficient of vanation ^{0+ 164+400) = 23 8 per cent, hardly 
different from that of wool A, 24*0 per cent. If a wool sorter judges by 
crimp alone, therefore he can cut down variability m his raw material only 
to a very limited degree 
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36 -AN electron MICROSCOPIC EXAMINATION OF 
WOOL CONTAINING POLYMER 


By E H. Mercer* 

[Copyright by the Tt*xiile Institute ) 


INTRODUCTION 

Speakman and Lipbon’'“ have shown that the properties of wool may be 
usefully modified by the deposition of polymers within them Little evidence 
of the polymer present m quantities up to 30 per cent, can be found by 
means of the optical microscope. When the polymer content is high, small 
amounts may be seen on the surface of the fibres but the greater amount is 
within - By the adoption of special techniques a certain amount of the 
internally deposited material can be located by means of the electron micro¬ 
scope. The methods employed and the subsidiary experiments necessary 
for the interpretation of the results are described below 

In instances where the electron microscope has been used to examine 
fibres it has been necessary to overcome the difficulty raised by the excessive 
thickness of the material by resorting to surface replica techniques or by 
breaking the matenal into small enough fragments A wool containing a 
melamine polymer has been previously examined after mechanical gnnding,® 
but this method of picparation yielded irregular fragments from which it 
was difficult to deduce anything A preferable method of breaking wool 
down is that of enzymic digestion/ and the appearance in the electron 
microscope of wool fragments obtained in this way has been made familiar 
by many studies The method is not always applicable because some 
polymers, either by loason of their forming an impervious surface layer or 
by a reaction with the protein of the fibre, may make the fibres resistant to 
digestion This proved to be the ca?c with fibres containing polymethyl¬ 
methacrylate, which on other grounds is known to form a surface coating 
A wool containing polymethacrylic acid was found to be readily digested by 
trypsin and forms the subject of this investigation. 

EXPERIMENTAL 
{a) Deposition of the polymer 

A Southdown wool was impregnated with the polymer by Dr. M Lipson 
of this department using the method described by Lipson and Speakman 
The polymer content was 23 per cent 

(6) Tryptic digestion and optical microscopy. 

The sample was retted in a o 05 per cent solution of commercial trypsin 
at pH 8 6 and 40C At the end of thiee weeks the fibres were extensively 
attacked. A sample of the same wool serving as a control was somewhat 
less attacked The component cells, cortical and cuticle, of the fibres were 
released by shaking the retted wool with glass beads. Plates i and 2 are 
comparable optical micrographs of original retted wool and of the wool which 
contained polymer The long thin cortical cells predominate m each prepara¬ 
tion but in the sample containing the polymer many additional fine particles 
are to be seen in the field. Most of these are fragments of cells but some 

* Impel lal Chemical Industne.s Rebcaich Fellow (On leave from the Council for 
Scientific and Industiial Rescaich, AustiaUa.) 
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particles of polymer may be present. Since the poly acid confers on the 
wool an enhanced affinity for basic dyes the reaction with such dyes may be 
used to distinguish the two preparations. From the retted and partially dis¬ 
integrated fibres containing the polymer some interesting optical micrographs 
which illustrate clearly some features of the structure of the fibre were 
obtained after staining The cuticle cells picked out by absorption of the 
dye may be seen partly separated from the fibre as in Plate 3. The cell 
suspension such as that illustrated in Plate 2 is stable at pH above 8 for some 
days If the pH was lowered to 3 (approximately) the suspension floccu¬ 
lated at once. This seems to indicate that the suspended particles are covered 
with polymer and this layer determines their behaviour in suspension. 

(c) Electron micrographs. 

The microscope used was an RCA. Type B located at the Shirley 
Institute, Didsbury 

The cell suspension was dialysed to remove salts until the pH approached 
7 This solution was slimy to the touch, slow to settle and aciffification 
produced immediate flocculation Electron micrographs were taken of both 
the suspended and flocculated matenal. In each case the material was 
gently ground m the wet state and a drop of the suspension dried on the 
conventional collodion grid. Electron micrographs of the acid flocculate and 
dialysed suspension are shown in Plates 4 and 5, respectively. The prepara¬ 
tion after flocculation obviously contains two kinds of matenal, marked W 
and P in Plate 4, W is easily recognised from its fibrous character as frag¬ 
ments of cortical cell from the wool Comparison may be made with the 
plates of similar material derived from retted wool reproduced by Mercer 
and Rees.^ e,g Plate 7. The component P yields fine stringy formations 
with a tendency to be drawn out into threads and is easily distinguished 
from the keratin fibnls It is present in the ongmal digest in colloidal solution 
and on drying yields continuous films. If Plate 5 is examined the fibnls of 
wool may be seen obscured by the thick film which covers the whole pre¬ 
paration. These observations point to P being polymer Evidently the 
strongly acid polymer is soluble or is finely suspended m alkaline solution 
and dries to a coherent film In acidified solutions it separates out to form 
a discrete component, 

{d) Further identificatton of the polymer by means of X-Rays, 

Although the appearance of the component P in the electron micrographs 
is consistent with its being polymer, further confirmation was sought by 
means of X-rays A small amount of this component was separated for 
analysis as follows. The retted suspension was rendered more alkahne by 
the addition of ammonia {pH 9) and macerated to induce the polymer to 
separate from the wool. The cells were allowed to separate out from solu¬ 
tion and the permanent suspension acidified. The white flocculent was 
filtered off, washed by water, dried and X-rayed. The lesultmg pattern was 
compared with that obtained from polymethylmethacrylate polymerised in 
vitro. The pattern given by the polymer is a typical amorphous-photograph 
consisting of two diffuse rings indicating commonly occurring spaemgs of 
5'4 and 2*8 A.® The extracts from the wool, of which the electron micro¬ 
graph, Plate 6, IS typical, gave the same two diffuse rings and two other 
faint rings at 10 and 4-5 A, which are attributed to traces of protein. In the 
absence of other possibilities the similarity of the patterns is sufficient to 
identify positively the polymer. 
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Plate 2 

Cortical cells and debris from wool containing polymer, after retting 

X 400 
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Plate ^ 

Partly retted wool containinji polymer and stained with methylene blue 
tion into cuticle cells (scales) and coitical cells is clearly visible 


The separa 
X 650 
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Plate 4 

Electron micrograph of the acicUfted suspension of retted material obtained by retting 
polymer-containing wool x 10^000 
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IMtitc 5 

Electron micrograph of the suspension ol tryptic digest from wool containing polymer 
The polymer largely in collouUil solution has formed a film obscuiing the details 

y 10,000 
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Plate 7 

Fibnllae from cortical cell without polymer (Mercer and Rees (7) ) 
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DISCUSSION 

The mam objects of this examination were to detect the presence of poly¬ 
mer and locate the site of deposition within the fibres The component present 
in the onginal digest as a colloidal suspension and m the acidified digest as a 
discrete precipitate easily distinguished from the fibnls of wool, has been 
identified as the polymer. It is present as a substantial fraction of the total 
matenal in micrographs such as Plate 4 A considerable amount of the 
polymer is therefore present in those parts of the fibre external to the main 
non-digestible fibrillar phase (Figure if), % e it is present in pore spaces or 
in the inter-fibnllar and inter-cellular phase (amorphous matrix) of the fibre 
shown black in Figure i It is not possible to conclude from the electron 
micrographs anything concerning the actual condition of the polymer in the 
ongmal wool because neither the tryptic digest nor the acidified matenal of 
Plates 4 and 6 represents the polymer in an original condition However 



Fig I 

Cross-section of a non-medvillated wool hbre showing scale cells of cuticle cii, cortical 
cells c c , intercellular cement i c c Each cell is a bundle of fibrils /, and between 
fibrils there is a small amount of cementing substance or matrix The fibrils have 
been shown in a few only of the cells The polymer is deposited mainly m the regions 
shown black between the cells and fibrils 

Since polymethacrylic acid prepared m vitro does not dissolve in buffers at 
pH 8 6 such as was used for digestion, it is a fair conclusion that the polymer 
in colloidal suspension m the tryptic digest entered solution as the wool dis¬ 
solved because it was so finely divided The same conclusion, that the poly¬ 
mer IS present m the fibre in a finely dispersed form, might also be deduced 
from the very diffuse X-ray patterns obtained from wool containing the 
polymer * 

Lipson found that fibres containing polymer were harder to stretch in 
water of neutral pH and Onions has noted that the normal onset of the a-/3 
transformation is delayed on stretching m water.® Extension is easier and 
the course of the a -/3 transformation is more nearly normal m alkaline solu¬ 
tions {pH ii). These observations may be explained if we consider that in 
the initial stages of stretching (0-20 per cent) the extra-fibnllar phase is 
responsible for the greater part of the observed extension,® and that in this 
phase we are stretching both polymer and keratin In acid and neutral 
solutions the acid polymer is in a condensed and coherent condition resistant 
to extension, so that the work of extension is high The polymer also appears 
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to prevent the entry of water into the crystalline phase so that on extension 
the transformation of the a-ciystallites into the ^-form is delayed as is the 
case with dry fibres. In alkaline solutions the acid groups of the polymer 
network ionise permitting swelling and easy unfolding of polymer and 
protein. 

From the electron micrographs no conclusions can be drawn as to the 
presence or absence of polymer in small quantities in the fibrillar phase of 
the fibre, nor is it possible to detect whether a portion of the polymer has 
entered into chemical association with the protein to form actual chemical 
links within the protein network. 

SUMMARY 

An electron microscopic examination of material obtained by the tryptic 
digestion of wool containing polymethacrylic acid shows the presence of both 
typically fibrous cortical cells of wool and also of the polymer. Optical and 
electron optical micrographs of the retted wool are shown. The polymer 
seems to be deposited dunng polymensation chiefly in the extra-fibnllar 
regions (pores and malnx) of the fibres Since these regions are stretched 
first the fibres are harder to stretch in acid and neutral solutions when the 
polymer is in a condensed and coherent form. In alkaline solutions the acid 
polymer ionises and the complex is more easily extensible. 

ACKNOWLEDGEMENTS 

The author wishes to thank Dr M. Lipson for the preparation of the 
polymer containing wool, Mr W. J Onions for permission to quote his 
unpublished X-ray observations, the Director of the Shirley Institute for 
permission to reproduce the electron micrographs, and Dr D G Drum¬ 
mond of the Shirley Institute for help m the use of the microscope 

Textile Physics Laboratoiy, 

Department of Textile Industries, 

The University of Leeds. 

Received 10/11/48 


REFERENCES 

^ Speakman and Lipson. Nature, 1946, 157, 736 
- Lipson Ph D. Thesis, Leeds, 1948 
Powers Industrial and Engineering Chemistry, February, 1945, 188. 
* Burgess J Text Inst , 1934, 24, t 289 
®Zahn Mell Textilher , 1940, 21, 505. 

® Hock and McMurdie J Res Nat Bur Stand , 1943, 31, 229. 
’Mercer and Rees Aust f Exf) Biol, I 94 < 3 . 24, 175, 

® Onions Unpublished observations 

•* Astbury and Woods, Phil Trans Roy Soc , 1933, A 232, 333. 



yj—Ttie Forytiation of Keratin during Hair Growth—Mercer 


37--THE FORMATION OF KERATIN DURING HAIR GROWTH 

By E H. Mercer* 

{Copyright hy the Textile Imtitute) 

INTRODUCTION 

Artificial fibres are produced from suitable synthetic or natural polymers 
by the familiar processes of extrusion and drawing Among the natural 
fibres silk appears to be formed in an analogous way, and it has been sug¬ 
gested that possibly the animal fibres, hair and wool, are also extrusions 
from the hair follicles of the skin ^ An examination of the histology of the 
hair root shows, however, that, even if extrusion plays a part, the process 
is a good deal more complex Unlike silk threads animal hairs are cellular 
structures consisting of three regions, cuticle, cortex and medulla, composed 
of very different kinds of cells Of these the long thin cells of the cortex 
are the basis of the elastic properties of the fibres-®*^ and it is therefore their 
formation that is of the greatest interest. 

Each individual hair originates in a single follicle and the detailed 
histology of the process has been studied very extensively/ In a longitudinal 
section of a straight hair root the history of the presumptive cortical cells 
may be followed easily. As indicated in the diagram Figure i, they anse 
as rounded close-packed bodies in the vicinity of the papilla at the base of 
the root. On moving away from the papilla along the shaft of the follicle 
they elongate, become fibrous in appearance, and finally harden to produce 
the spindle-shaped ” resistant forms which can be isolated from the final 
fibre Although the principal features of histology of the developmental 
process are well understood, the sequence of events at the molecular level 
within the cells, t e. the synthesis of the fibrous protein itself, which accom¬ 
panies the visible changes and finally results in the conversion of the cells 
into solid onented keratin, is still obscure Much is known, however, of the 
molecular structure of the keratin of the final cortical cells owing largely to 
the work of Astbury and his collaborators The long chains of the protein 
appear to be extended in the direction of the fibre axis, t e, the long axis of 
the cortical cells, and to be cast into more or less regular folds This small 
scale molecular regularity gives nse to what is referred to as the large angle 
X-ray pattern, in this case the a-pattern, when a photograph is made by 
directing an X-ray beam at right angles to the fibre axis The same large 
angle patterns are also given by several other proteins showing that these, 
too, have the same basic molecular framework as hair keratin and enabling 
a class of proteins to be defined on the basis of their X-ray patterns ® 

In addition to the small scale regularities there occur larger regularities 
(long-spacmgs) in many protein fibres, including hair, which may be detected 
by X-rays (small angle scattenng) or by electron microscopy. The nature* 
of these regularities is not fully understood, but there is no doubt that many 
protein fibres consist of a very complicated system of "patterns within 
patterns" It is plausible to see the ongm of these patterns in the 
peculiarities of the synthetic process by which they are brought into bemg 
and to expect that studies of molecular and histological development will 
assist each other 

* Impenal Chemical Industiies Reseaich Fellow. (Ou leave from the Council for 
Scientific and Industrial Research, Austiaha) 
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The traditional histological techniques, however, are not designed to cast 
light directly on problems of molecular structure unless the structural 
features themselves happen to be associated with some specifically stainable 
complex. This not always the case, for as has been mentioned above, struc¬ 
tural frameworks may be common to whole classes of proteins, whereas the 
staining properties are mamly dependent on the chemical character of the 
associated side chains of secondary importance in the structure sense. 

Those properties in which we are interested here, the nature of the basic 
pattern, the level at which it appears, its type, perfection and orientation, 
and the stability of these features towards chemical and physical change, 
have therefore to be specially studied by such methods as X-ray diffraction, 
birefnngence measurements and special histochemical techniques. 

We know from the important histochemical studies of Giroud and 
Bulliard’^ that in the development of all keratinised tissues, skin, hair, nails, 
etc,, the softer tissues which underlie the hardened parts react vividly to 
the nitroprusside te?t for thiol groups (SH), and that as the tissues harden, 
the reaction fades. Chemical observations on wool and hair have related 
the chemical inertness and the physical toughness of the keratins as a class 
to the large proportion of cystine bridges made possible by the high cystine 
content.®'® It is obvious, therefore, that the unconsolidated precursor of 
keratin proper is a reduced form of the protein in which some of the disul¬ 
phide bridges have yet to be formed This protein may be called a ''pre- 
keratin".* One of the reactions associated with hardening is then the 
oxidative closure of the thiol groups to form disulphide bridges: 

P-SH-fHS-P->P-S-S-P 
(P=peptide chains of protein) 

Marston stated that copper in some form is necessary to catalyse this 
reaction for in its absence the haidenmg is slow and incomplete.^® Rudall 
has isolated what is probably the pre-keralin of skin or a related protein by 
extracting the germinal layers with strong urea The protein dissolves and 
can be precipitated from urea solution by the addition of salt solutions and 
then formed into fibres X-ray examination of these fibres showed that Lhe 
protein was in the a-form At this stage in the development the protein 
therefore already possesses the same basic framework as the final keratin 
but lacks those crosslinks which render it insoluble in urea It is possible to 
reverse this final step in the process and to obtain from wool and hair a 
protein derivative in most respects similar to Rudairs protein by reduction 
followed by extraction with urea solution This extracted protein may also 
be formed into fibres, which give the typical a-X-ray pattern 

THE HAIR FOLLICLE AS AN EXPERIMENTAL MATERIAL 

The further investigation of these problems to be desenbed below has 
been made using the single hair root as a research material. This was made 
possible by the fact that a plentiful supply of hair roots may be obtained by 
plucking from the human head When suitably mounted, the histological 
structures of interest are easily visible in such plucked roots and the several 
stages in the developmental process are conveniently set out in order along 
the follicular length. The act of plucking does not produce serious distortion 
as can be seen by comparing plucked roots with those sectioned tn situ 
Although the greater part of the work was carried out on human material, 

* The term "pre-keratm” employed here refers to Giroud and Bulhard's usage 
and not to the more restricted pre-keratinisation zone of some other workers. 
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the findings have been confirmed on roots obtained from cow skin and sheep. 

The presumptive cortex, the root sheaths and the fibre itself are all 
birefringent or doubly refracting and are most easily distinguished if a 
p olarising microscope is used.” The amount of the double refraction (DR) is 
of value as an indication of the occurrence of oriented structures and has 
been of great use in the present study. For the measurement of the degree 
of DR a Sdnarmont compensator was mounted on a microscope to measure 
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Fig I 

Some features of the development of the presumptive cortex of the follicle from 
the human head (a) is a longitudinal section of a plucked hair root The inner root 
sheath (1 r s ) and the precortical regions are shown The pre-keratinous region (positive 
thiol reaction) is dotted (&), (c), {d), (e) and (/) are the type of X-ray patterns obtained 
from the levels shown (See text) At (g) the development of birefringence (DR) is 
shown in relation to the distance along the follicle Note the rapid rise at the level B. 
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the total phase difference and a micrometer eye-piece was used to obtain the 
thickness of the fibre. The DR per unit thickness of the material was then 
calculated thus: 

Si f8=*phase difference 

^2—where-{ A-wavelength 
[t = thickness. 

A hair root is plucked and mounted m an inert mountant and examined at 
once. It is necessary in many of the experiments to use freshly obtained 
specimens. When the DR i^ measured at many points along the follicular 
length a curve similar to that shown on the right of Figure i at (g) is obtained 
showing the way in which the oriented properties of the hair appear. It 
will be seen that the bulb region is almost isotropic, and that at the level of 
the constriction of the root the DR rises suddenly^ to the full value of the 
final fibre. 

This same conclusion was reached also by taking X-ray micrographs of 
the bulb at A and of the pre-cortex immediately above B. A single follicle 
hardened m formalin was used in this exacting work, which necessitated the 
use of a fine o-oi cm collimator and a long exposure time of the order of 
24 hours at a specimen-to-plate distance of one cm. Filtered radition from a 
copper anode filament tube run at 20 m.a. was employed. The pattern 
from the bulb consisted of two dHfuse nngs similar to the type of pattern 
usually yielded by poorly organised organic material indicating only the 
presence of unoriented native protein. At all levels above B a well oriented 
a-type pattern, similar to that of the final wool, resulted These patterns 
and the levels at which they were obtained are set out in the centre of 
Figure I Both methods agree in showing that in the molecular sense a 
’ fibrous structure typical of the final hair forms low down in the follicle at 
the level of the constriction, which is therefore called the fibrillation zone. 
In the optical microscope fibrils are to be seen first at this same level The 
pre-keratinous zone, discovered by Giroud and Bulliard,’^ characterised by 
the presence of free thiol groups, extends from the level B to E, a distance 
m the human follicle of about 1700/1 The a-keratin structure is thus estab¬ 
lished at the beginning of the pre-keratin and all subsequent reactions and 
modifications serve only to consolidate it without producing any substantial 
changes in either DR or X-ray pattern 

At the level of the contraction of the root there thus occur changes which 
produce results analogous to those produced by extrusion and " drawing 
in the case of the artificial fibres It is natural therefore, having regard for 
the funnel-like shape of the root in this region, to suspect that here too we 
have to do with an extrusion phenomenon. The development of the fibrous 
structure of hair is, however, not an isolated problem. Birefringent struc¬ 
tures are common in biological matenals and the problem of their formation 
IS therefore of more general interest. The fibrillse of the precortical cells 
resemble, and are histologically analogous to, the tonofibrils" of the 
epithelial cells of the skin. The arrangement of these fibrils does not suggest 
any process of extrusion Three main types of theory have been proposed 
to account for the synthesis of such forms ^ The protein or other substance 
may be synthesised as long free chains, which are subsequently oriented by 
some mechanical operation such as, in the present instance, the extrusion of 
the plastic material through the narrowing neck of the follicle.® The chains 
or some other complex may be synthesised directly in an oriented condition 
under the influence of some directive force ** The protein may be formed 
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.ori ginally in a relatively symmetncal form and a fibnllar structure result as 
a secondary aggregation of the ‘‘molecules’’m the form of long stnngs as 
suggested in Figure 2 Observations of the type descnbed in this paper 
involving measurements of birefringence do not provide the kind of informa¬ 
tion required to decide which of these theories is applicable to the formation 
of the cortical material of hair What is really needed is information about 
the molecular size and shape in the non-birefnngent regions of the bulb and 
attempts are being made to obtain this information. Until it is to hand only 
a limited discussion of the problem is possible 


o 

o 

o 


a b c 

Fig. 2 

Hypothetical scheme to explain the formation of birefrmgent fibrils by the 
linear aggregation of more symmetrical particles, (a) free particles {b) formation of 
Imear aggregates (c) macrofibnls formed from the proto-fibrils. The periodicity 
resulting from the regularly recurring particles is a possible cause of the long X-ray 
spacings 

Birefringence measurements are, however, sufficient to show that any 
theory which attributes the orientation solely to a mechanical extrusion, e,g. 
an extrusion of preformed molecules or fibrils, is untenable. It is to be 
expected that the amount of deformation, i.e. the contraction m area of the 
root, would determine the degree of orientation in a structure produced by 
extrusion. In fact the contraction is very variable whereas the DR is an 
almost constant characteristic. It seems most likely that it is an intrinsic 
property of the fibrous keratin as is the case with simpler crystals The 
contraction in area seems to be due rather to the dehydration of the already 
fibrous protein. At the present time the third theory is enjoying some 
popularity because electron microscopic examination of several fibrous pro¬ 
teins has shown fibrillar forms which seem to be made up of strings of par- 
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tides. Such a hypothesis has also been used to explain biochemical 
iindings,^* the existence of long spacings^"’ as well as the production of 
birefringence. The observations made on hair are compatible with it but not 
of course proof of it. Birefnngent fibrils are found in all keratinous tissues 
and their ongin is most easily understood in terms of the particle theory. In 
hair the peculianty requinng special explanation is the formation of fibrils 
parallel to the length of the follicle It is plausible to suspect here that the 
shght flow due to extrusion plays an orienting r61e by predisposing the 
particles to form strings m a definite direction. 

THE HARDENING PROCESS 

The formation resulting from fibnllalion at the level B, although fibrous 
in the molecular sense, is unstable, and as in the case of artificial fibres it is 
necessary to harden the protein in order to fit it for the protective purpose 
it serves In artificial fibres the procedure is to cross link the protein chains 
and the hardening of hair is closely analogous Plucked roots were found 
to be useful for investigating the problems of hardening also. 

The zone of positive thiol reaction (pre-keratm) in the human hair follicle 
extends from B to E, the region shown dotted in Figure i ^ The DR is not 
sensibly increased subsequent to the level B and therefore hardening must 
involve changes of minor importance structurally This would be the case if 
it were due, as proposed by Giroud and Bulliard, to the modification of side 
chains only or the joining of chains already closely positioned. The thiol 
reaction (mtroprusside reagent) is very strong from B to D, and fades from 
D to E, but it is not of much use quantitatively and gives little indication of 
the degree of cross linking actually cftected at any level. Special tests for 
stability based on the known behaviour of other protein fibres were therefore 
tned. These tegts make use of the digestibility of the protein by enzymes, 
the disonentmg effects of elevated temperature, and resistance to the attack 
of acids, alkalis and strong urea solutions. 

Enzymes have only a slow action on hair and wool, but digestion is more 
rapid if the fibre is reduced When a fresh hair root is dipped into a solu¬ 
tion of trypsin (0-05 per cent., pH 8 at 40° C.) the bulb is rapidly dispersed 
and the pre-cortex itself is removed in the course of 2-4 hours for a length 
BC of about 800 above the constriction. Above C the protein swells, but 
resists digestion for a considerably extended penod of time. The inner root 
sheath is resistant from the level B upwards and the fibre cutcle also may be 
seen to become resistant before the cortex proper. The appearance of the 
root after digestion is indicated in Figure 3(b) Evidently a sudden change 
in the resistance of the cortex occurs at C The region BC, which is also 
defined by the other tests to be described, will be referred to as the uncon¬ 
solidated zone 

The thermal stability of protein fibres is also a useful clue to their degree 
of consolidation Rudall” in experiments on the extracted pre-keratin found 
that the stability of fibres of this protein could be varied by the introduction 
of cross linking. Hair itself is stable at 100° C., but at higher temperatures 
it contracts, and at the same time the birefringence falls (supercontraction). 
The contracted fibre yields a partly disoriented jS-type X-ray pattern ” If 
now a freshly plucked root is mounted in an inert liquid and wanned to 
90® C, for 30 sec. the DR of the region BC, the unconsolidated zone, is com¬ 
pletely destroyed as shown in Figure 3(a). Above C it persists indefinitely 
at this temperature. An X-ray photograph of the zone BC after heating 



T646 37 —Formation of Keratin dunng Han Growth—Mercer 

shows that the o-pattem has been replaced by a fully disoriented / 3 -pattem 
as indicated in Figure i at f. An interesting point is that disorientation 
occurs in the zone BC without visible longitudinal contraction of the contents 
of the follicular lumen. Above this level and at a higher temperature dis¬ 
orientation is accompanied by contraction. This seems to show that one of 
the consequences of consolidation, which also becomes apparent at C is the 
establishment of a system of strong links in the direction of the fibre axis. 
Thermal agitation leading to chain contraction thereafter produces a con¬ 
traction of the whole macrostructure 



a ^ c 


Fig, 3 

Histochemical methods of demonstrating the unconsolidated zone BC of the 
pre-keratm* Birefnngent regions are shown in black {a) Destruction of orientation in 
zone BC by heating for 30 seconds at 90®C (6) Result of tryptic digestion of a follicle 
for some hours. BC is removed, the inner root sheath is resistant above the level B and 
the earlier hardening of the fibre cuticle is apparent (c) Destruction of DR due to the 
penetration of dilute acid (d) Result of treatment with dilute alkali which acts destruc¬ 
tively even on the partly hardened regions above C 

Rudairs use of urea“ to extract the pre-keratm suggested its use on the 
follicle The action is spectacular as may be seen from the several stages 
shown in Figure 4. The bulb region is rapidly dispersed, the nuclei of the 
cells being released as the cytoplasm dissolves The inner root sheath above 
B is not dissolved but is distended as the urea penetrates the pre-cortex 
The birefnngent but unconsolidated pre-cortex from B to C is then pro¬ 
gressively removed in the course of a few minutes The reagent often attacks 
at the upper level C at the same time as at the lower level This, however, 
seems to be a result of plucking as it was not observed in roots treated 
in $Uu in cow skin. As shown by the other tests described above, hardening 
begins quite suddenly. Above the fairly definite level C the protein only 
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swells in urea and to a diminishing extent as the consolidation progresses. 
The production of insolubility and a progressive reduction in swelling power 
are similar to the behaviour of rubbers as the degree of vulcanisation is 
increased, and the cause is no doubt similar, i,e, the progressive introduction 
of cross links between the chains. 

Giroud and Bulliard’^ have already produced evidence that the cross links 
are disulphide bndges produced by the oxidation of thiol groups, and sup¬ 
port for their view was obtained by observing the results of subjecting the 
root to reduction If saturated urea containing a few per cent, of a reducing 
agent, e,g. thioglycollate, is used instead of urea in the above experiments, 
the dispersive action proceeds to an indefinite level above C. The action of 
dilute alkali, which can also break disulphide bonds, is very similar and 
the result is shown in Figure 3(d) A follicle may also be reduced in a zinc 



Fig. 4 

Progre&sive dibperbion of the unconsolidated pre-keratin by saturated urea. 
Above C the partly hardened protein swells only and to a diminishing degree as the 
hardening progresses. Birefnngent cortex shown black The time taken for the whole 
action IS 5 to 10 muis 

and hydrochloric acid mixture (saturated with salt to suppress swelling). 
If a root reduced in this way is dried in alcohol, mounted in oil and warmed 
to 90° C , as previously described, the destruction of DR now occurs to a 
level some distance above C. In a complementary way the unstabilised 
but already oriented lower zone can be cross linked artificially to make it 
stable towards heating, urea, etc. The most effective reagent for this pur¬ 
pose is formaldehyde. Ten minutes immersion in a ten per cent, solution 
completely hardens the lower levels The X-ray pattern and the birefnngence 
are not altered by this treatment which in this sense also resembles the 
natural hardening. 
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CONCLUSIONS 

In conclusion reference may be made again to the analogy which is com¬ 
monly drawn between the formation of artificial fibres and the growth of hair 
The analogy is particularly close with regard to hardening, but the great 
difference between the methods of producing the basic onented structure in 
the two cases must be emphasised. There is nothing occurnng in the hair 
root that can be compared with the drawing which is the cause of the greater 
part of the orientation of artificial fibres. Extrusion appears to play a part 
but not in a simple mechanical sense It is possible to suppose that the flow 
produced by extrusion disposes the protein to ciystallize m a definite direc¬ 
tion. The property of "crystallizing" in fibrils seems inherent, for fibnls 
occur in all keratinised tissues even m the absence of extrusive forces. The 
expenments on stability, particularly those involving the use of urea, sug¬ 
gest that the primary fibrils in the unconsolidated zone are held together only 
by weak energy bonds such as the hydrogen bond or salt links. It is reason¬ 
able to suppose that these bonds were responsible for the initial association 
of the molecules into fibnls. Hardening, which undoubtedly is accompamed 
by the formation of cystine cross links, does not commence immediately after 
the formation of the fibrous structure There is a resting penod in which 
no increase in stability can be detected. Although in this region there occur 
no detected changes, and the DR and X-ray pattern in particular are not 
modified, it is not unlikely that chemical changes in the side chains pre¬ 
liminary to the cross linking reactions are being effected. All the tests agree 
that hardening begins quite suddenly and that, in addition to producing 
insolubility and reducing swelling, it also makes apparent the latent 
mechanical anisotropy of the oriented molecular structure ^ probably by 
forming longitudinal covalent links as well as transverse 

SUMMARY 

Measurements of birefringence, X-ray examination and special histo- 
chemical tests carried out on single hair follicles obtained by plucking from 
the human head lead to the definition of the following zones in the forma¬ 
tion of the cortex of the fibre: 

{a) The bulb region. The protein is soft, isotropic, digestible by enzymes 
and dispersed by urea. It thus resembles the soluble proteins. Considerable 
amounts of protein appear to be present in the upper part of the bulb, but 
the X-ray pattern is diffuse. 

(b) The fibnllatwn zone at the constriction of the follicle. The protein 
becomes birefringent to the same degree as the final hair in a single stage. 
X-rays show that subsequent to this level the a-keratin structure of the final 
hair IS present 

(c) The unconsolidated pre-keratinous zone. This zone and the next 
are charactensed by a positive thiol reaction. The structure, although fuUy 
onented, is still imstable. Urea rapidly dissolves it, moderate temperatures 
lead to disorientation with a fall m birefringence, but without a contraction 
in the longitudinal direction of the shaft. After heating the zone yields a 
disoriented ) 3 -pattem. The zone can be stabilised by the introduction of 
artificial cross linking. 

(d) The zone of consolidation Hardening becomes detectable about half¬ 
way along the " pre-keratinous region " and is thereafter progressive. Above 
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a fairly definite level the protein only swells in urea, is not digested by 
enzymes, and is not disoriented at 90® C. Heating to a higher temperature 
causes disorientation with a contraction in length. 

{e) The fully hardened hair 
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38 —EFFECT OF PRELIMINARY HYDROLYSIS ON THE 
DETERMINATION OF LIGNIN IN JUTE 

By A. B. Sen Gupta and H. J. Caixow 

{Coi>ynght by ike Textile Institute) 

INTRODUCTION 

Of the methods suggested for determining lignin m plant materials, the 
most widely used is that in which the material is treated with 72 per cent, 
sulphuric acid and, after dilution and boiling, the residue is filtered off and 
weighed as hgmn. But even this method has a number of defects. The 
production of an insoluble residue from the polysaccharides during treatment 
with mineral acid appears to be the cause of a high apparent yield of lignin. 
Norman and Jenkins' suggest that this higher yield is due to the formation 
of a condensation product between lignin and furfural obtained from pen¬ 
toses and in order to obtain a more nearly correct value, Norman* has 
advocated that " either the conditions may be so modified that the produc¬ 
tion of furfuraldehyde or other reactive fission products is at a minimum, 
or the constituents containing pentose which might give rise to furfuraldehyde 
may be removed by a suitable pre-treatment . , This latter proposal, 
viz, removal of pentose-containing polysaccharides, has been applied by a 
number of workers and is generally accomplished by hydrolysing the material 
with dilute acids Various concentrations of acid and different times of 
boiling have been suggested; 5 per cent, sulphuric acid for i hour' or i per 
cent, hydrochlonc acid foi 3 hours** are typical examples Some doubt, 
however, exists as to whether this type of pre-treatment is accompanied by 
a loss of lignm through partial solubility in the dilute acid, the work of 
Cohen and Hams'* indicates that partial solution of lignin takes place during 
hydrolysis of samples of wood. 

Dunng a study of the conditions necessaiy for progressive delignification 
of jute fibre without removing the hemicellulosic constituents, a method was 
required for determining the lignin contents of the treated samples As a 
result of such treatment, the ratio of xylan to lignin in the untreated jute is 
increased considerably and it was therefore proposed to examine the effect 
upon the lignin yield of untreated jute to which large amounts of xylan had 
been added. At the same time, a comparison was made of the yields of 
lignin from unhydrolysed and hydrolysed samples of jute, the hydrolysis 
being carried out with 5 per cent, sulphuric acid An acid hydrolysis of this 
kind is believed by Norman and Jenkins' to give a more accurate value from 
a large number of plant materials. Dunng the present investigation the 
determination of lignm was carried out at a lower temperature than that 
used by Norman and Jenkins' (about 20C.) because there is then less 
possibility of condensation products being formed, and a temperature of 
2° C was used throughout. The minimum time necessary for removing 
the carbohydrates at this temperature was first ascertained and the effect of 
adding xylan to both unhydrol3^ed and hydrolysed jute upon the yield of 
lignin at 2®C was then examined In addition, the investigation was 
extended to discover if any lignin was removed from jute during the pre- 
liminaiy hydrolysis. 

EXPERIMENTAL 

Material, Jute fibre (white jute, Niklidampara) was washed with water 
to remove dirt and easily soluble matter, dned at room temperature, ground 
to powder in a Christie and Norris high speed mill and that portion which 
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passed a 72-mesh sieve retained for analysis. After extraction with an 
alcohol-benzene mixture (1:2, v/v), the powder was washed with alcohol 
to remove benzene, dned in room air and conditioned at 22® C. and 65 per 
cent, relative humidity. 

Method of determining lignin. Jute powder (2 gm conditioned weight*) 
was treated in a 100 ml. beaker with 72 per cent sulphunc acid (25 ml.), 
previously cooled to 2® C,, and kept at that temperature for different periods, 
the contents being occasionally stirred to avoid the formation of lumps. The 
resulting mixture was diluted to 600 ml, refluxed for 2 hours and, after 
cooling, the insoluble material was collected on a fared, sintered glass 
crucible (1G3), washed with cold water until free from acid, dried at 105® C 
and weighed as lignin The means of duplicate determinations with different 
times of treatment are shown m Table I. 

Table I 

Effect of time of treatment on the yield of lignin at 2°G. 

Timeof treatment (hours) ... 12 24 36 48 72 96 

Lignin (%) . . _ 18 32 14 52 13*07 13 08 13 33 13 58 

After 12 and 24 hours' treatment the matenal was very difflcult to filter, 
the results of duplicate experiments vaned considerably and the high values 
which were obtained indicated that removal of carbohydrates was incom¬ 
plete The material could be filtered readily after a minimum treatment of 
36 hours and good duplicate values were obtained. The results shown in 
Table I also indicate that the yield of lignin reaches a minimum after 36 to 
48 hours' treatment and during the subsequent expenmental work, treatment 
for 48 hours was adopted as the standard procedure 

Effect of adding xylan to pite poi&der on the yield of lignin Powdered 
jute was intimately mixed with different proportions of isolated jutc cellu¬ 
lose containing xylan and the yield of residue determined after treating for 
48 hours with 72 per cent sulphuric acid at 2® C The cellulose was isolated 
from the original fibre by treating this with chlorine dioxide solution, extract¬ 
ing with sodium sulphite solution,*^ washing, drying and grinding to powder 
That portion passing through a 72-mesh sieve was then extracted with an 
alcohol-benzene mixture, washed with alcohol and dried in room air. The 
xylan content of this cellulose fraction was 14 92 per cent as determined by 
the gravimetnc phloroglucidc method of Angell, Noms and Resch® and the 
*'lignm" content, determined by treatment with 72 per cent sulphuric acid 
at 2° C. for 48 hours, was 0 045 per cent A known weight of the con¬ 
ditioned jute powder was then mixed with a known weight of the conditioned 
cellulose powder so that the total dry weight of the mixture was approxi¬ 
mately 2 gm The lignin contents were determined as before, the results 
being shown in Table II From these results it appears that the addition of 
xylan in the form of ''total cellulose " has no significant effect on the yield 
of lignin under the conditions of the experiment It may be that either the 
lower temperature at which these experiments were earned out is not favour¬ 
able to the formation of condensation products or that the amount of xylan 
which IS present in jute is sufficient to form the maximum amount of con¬ 
densation product with the ligmn The latter reason, however, does not 
seem to be tenable, because Norman“ has reported a considerable increase 
in the yield of lignin after the addition of crude xylan to unhydrolysed straw, 
and in jute a similar behaviour might be expected 

* Throughout this work, the percentage of lignin is expressed on the weight of 
]ute dried at 106°C Moisture contents were determined on separate samples 
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Table II 

TSf&ect of added xylan on the yield of lignin from jute 


Dry weight of 
jute powder 
(gm) 

Dry weight of 
cellulose powder 
(gm) 

Lignm (%)* 

1 4440 

0 5287 

13*11 

13 07 

1*4490 

0*5262 

13*02 


0 9972 

1*0560 

13*03 

13 03 

0*9942 

1*0316 

13*02 


0 5473 

1 5569 

13 06 

13 01 

0*5341 

1*5701 

12 96 



* Expressed as a percentage ot the dry weight of jute in the mixture 


Effect of hydrolysis upon the yield of hgm?i from jute. Analytical pro¬ 
cedures for the determination of lignm have always been based upon obtain¬ 
ing the lowest yield of residue Despite the reproducible results obtained in 
the previous experiment, it is not known whether the value of ligmn obtained 
is an accurate one, especially as Norman^ has shown that a lower value is 
obtained by pre-treatmg lignocellulosic matenal with 5 per cent sulphuric 
acid. This lower value may be due either to the prevention of condensation 
reactions which lead to the formation of acid-insoluble products or to partial 
solution of the lignin in the acid used for hydrolysis In order, therefore, to 
obtain some clue as to the r 61 e played by hydrolysis on the lignin yield, the 
effect of such a hydrolysis and the influence of adding cellulose (containing 
xylan) to hydrolysed jute was then examined 

The hydrolysis was carried out by refluxing jute powder (3 gm.) with 5 
per cent sulphunc acid (200 ml.) for i hour, the extracted material being 
filtered through a sintered glass crucible (1G3) and washed with hot water 
until free from acid. It was dried at 105° C , w^eighed and the lignin deter¬ 
mined as before. The low yield of residue (equivalent to io«8o per cent of 
the dry weight of jute) shows that a considerable reduction in the yield of 
lignin follows hydrolysis with dilute sulphuric acid According to Norman 
(loc this reduction is due to removal of pentose materials, but Cohen 
and Harris {loc cit) have obtained results which suggest that some lignin 
is dissolved during a pre-treatment of the above nature. 

Whilst, as shown above, isolated cellulose containing xylan, forms only a 
negligible insoluble residue (o 045 per cent.) when treated with strong sul¬ 
phunc acid at 2° C , it is possible that fission products denved from the 
xylan would, m the presence of lignin, form insoluble condensation com¬ 
pounds. In order to examine for this possibility, a known weight of jute 
was extracted with 5 per cent sulphuric acid for i hour, washed, dried and 
mixed with unhydrolysed cellulose powder so that the total weight of cellu¬ 
lose and onginal jute was approximately 2 gm. The mixture was treated 
with 73 per cent, sulphuric acid at 2° C. and, as shown in Table III, there 
is a very small increase in the yield of lignm in only one case. This increase, 
however, is far less than the reduction brought about by the hydrolysis 
Since, in the above experiment, the amount of xylan added in the form 
of cellulose to the hydrolysed jute was considerably less than that which was 
present m the original unhydrolysed jute, it was next decided to add more 
xylan to hydrolysed jute with a view to replacing quantitatively the removed 
furfural-yielding bodies Thus, jute powder having a furfural content of 
9*72 per cent, gave 2 46 per cent furfural after acid hydrolysis and the cal- 
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culated amount of cellulose powder, with a furfural content of 9*47 per 
cent, was added to the hydrolysed jute in order to replace the furfural- 
yielding bodies which had been removed during hydrolysis The lignin con¬ 
tent of this mixture was 10-93 cent., a value which does not differ appre¬ 
ciably from that of the hydrolysed jute (to 80 per cent) It appears from 
these values that the lowering of the lignin value from 13-08 per cent, to 
10-80 per cent by acid extraction is due largely to solubility of the ligmn m 
the acid and an examination of the acid extract was therefore made in order 
to see if lignin (or its degradation products) could be detected Jute powder 
(2 gm) was refluxed with 5 per cent sulphuric acid and the filtrate and 
washings were made up to 250 ml. A portion (25 ml) of the solution was 
treated with dilute chlorine dioxide solution for 3 hours and the excess 
chlorine dioxide determined lodimetrically and it was found that the amount 
of chlorine dioxide consumed by the extract from 2 gm. of jute was 0 047 
gm Since chlorine dioxide is reported to have no action on carbohydrates, 
this consumption of chlorine dioxide is likely to be due to the presence of 
either lignin or its degradation products in the extract The remaining por¬ 
tion (200 ml) of the above extract was neutralised with barium carbonate, 
the banum sulphate filtered off, and the filtrate evaporated to dryness on a 
water bath before being finally dned at 105° C The dried residue was 
treated with 72 per cent sulphuric acid at 2° C. for 48 hours, diluted to 3 
per cent acid concentration and refluxed for 2 hours, the insoluble residue 
being collected m a 1G4 sintered crucible, washed with water and dried at 
105° C. After applying a correction for the inorganic impurities by dis¬ 
solving the organic portion in hypochlorite solution, a recovery of 73 2 per 
cent of the ligninlost during the acid prc-lrcatment was obtained 


Table III 

Effect of adding cellulose to hydrolysed jute on the yield of lignin 


Composition of mixture 

Loss m weight 
of jute on 
hydrolysis 
(%) 

Ligiun on 
original 
jute 
(%) 

Hydrolysed 

jute 

(%) 

Isolated 

cellulose 

(%) 

100 

0 

21 80 

10 78 

10 80 

100 

0 

21 87 

10-82 


60 87 

13 

2104 

11 20 

11 14 

67-27 

32 73 

20 80 

11 08 


42-50 

57 50 

1 21 12 

10 94 

10-88 

43 30 

50 70 

1 21 10 

10 81 



Methoxyl content of isolated ligmn. Since methoxyl groups are charac- 
tenstic of lignin, it was decided to determine the methoxyl contents of lignin 
isolated from jute before and after acid hydrolysis and to compare the values 
with that of the solid isolated from the acid extract. This solid was obtained 
by neutralising the extract with caustic soda solution, evaporating to dryness 
and treating the residue with 72 per cent sulphunc acid for 48 hours at 
2®C., diluting to 3 per cent acid content and refluxing All the methoxyl 
values were determined by a modification of the Zeisel method, and con¬ 
sisted of oxidising the methyl iodide, evolved on distillation with hydnodic 
acid, with bromine and determining the amount of iodic acid so formed.** 
Finely powdered, dry lignin (0 i gm), and finely powdered solid isolated 
from the 5 per cent, sulphuric acid extract, were treated with phenol 
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( 7*5 g^O hydriodic acid (12 ml.) for i hour at 135° C. as in the method 
described by Clark® and the values obtained are given in Table IV. It is 
noted that the methoxyl contents of the lignm isolated before and after 
hydrolysis are identical, a result which would not be expected if the sole 
function of the preliminary hydrolysis was to remove furfural-yielding sub¬ 
stances and so prevent condensation between furfural and lignin. The effect 
of diluting the lignin by allowing a condensate between furfural and ligmn 
to form would be to decrease its methoxyl content, and if the formation of a 
condensate of this type were prevented, the methoxyl content of the residue 
would increase. But this is not observed m practice and taken in conjunc¬ 
tion with the fact that the solid isolated from the acid extract has a methoxyl 
content only slightly lower than those of the isolated lignins, supports the 
view that a portion of the lignin has been removed during acid hydrolysis 
and can be recovered from the acid extract The lower methoxyl content of 
this solid may be due either to an original small intrinsic difference in sub¬ 
stituent groups, as suggested by Norman,^® or to a loss of methoxyl groups 
dunng isolation as reported to take place by Heuser and Wenzel.” 


Table IV 

Material ] 

Methoxyl content (%) 

(a) Ligmn isolated from jute without pretieatment , 

18 81 

(&) Lignm isolated from jute after pielreatmcnt . J 

18 80 

(c) Solid isolated horn 5% sulphunc acid cxtiact 

10 03 


X-ray photographs of the two isolated lignins and of the solid obtained 
by the acid extract were taken and the diagrams were found to be identical 
Since, in addition, the solid obtained from the acid extract reacts with chlonne 
dioxide, gives a positive colour test for lignin (Maule test) and carries a high 
proportion of methoxyl groups, it seems likely that the product is lignm 
During the above work, prc-lreatmcnt had been earned out using one 
strength of sulphuric acid (5 per cent) at a fixed liquor latio (too i) In 
order, however, to examine the effect of other liquor ratios and times of 
treatment on the lignm yield, jute was extracted using the conditions shown 
in Table V. These have only a small effect on the lignin content of the 
hydrolysed jute and the results suggest that only a part of the lignin 
originally present is removable during hydrolysis with dilute acid 


Table V 

Effect of liquor ratio and time of boiling on the lignin yield 
(Lignm content of original jute, 13 08%) 


Liquor ratio 

Time of ticatmcnt 
(hours) 

Lignm 

-(%) 

100 1 

1 1 

10 80 

400 1 

1 


400 1 ' 

2 1 

1 10 62 


DISCUSSION 

Treatment of jute with 72 per cent, sulphunc acid at a temperature of 
2°C gives a minimum yield of lignin after 36 to 48 hours The slight 
progressive increase in this yield which is noted after prolonging the time of 
treatment is, in all probability, clue to formation of condensation products 
between furfural and lignm Despite the reproducibility of results after 
treatment for 48 hours at 2° C., it was not known whether the value obtained 
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was an accurate one, because Norman^ has shown, in the case of straw, an 
increase in the yield of residue when pentosans are present and the reaction 
is earned out for 16 hours at a temperature in the neighbourhood of 20® C. 
The modification introduced by Norman^ for the accurate determination of 
lignm was to remove the pentoses by hydrolysing with 5 per cent, sulphuric 
acid pnor to treatment with 73 per cent, sulphuric acid. On hydrolysing 
jute, however, the yield of lignin decreased from 13-08 per cent, to 10-So 
per cent. No increase in the lignin value was observed when xylan, in the 
form of total cellulose, was added to hydrolysed or unhydrolysed jute thus 
indicating that, in addition to removing pentoses, some of the lignin was 
eliminated during the hydrolysis. The acid extract was found to react with 
chlorine dioxide and on neutralising, evaporating to dryness, and subjecting 
to the normal process used for determining lignin, gave a solid which con¬ 
tains 16*03 per cent, methoxyl. This value is only slightly lower than those 
obtained for isolated lignins and since the solid isolated from the acid extract 
reproduces the X-ray diagram of and gives the characteristic colour test for 
lignin, it appears extremely likely that it is a soluble form of lignin. 

As only a fixed amount of lignin could be removed from the fibre by acid 
pre-treatment, it seems most likely that there are two types of lignin present 
m jute, one being soluble and the other insoluble in dilute acid. In relation 
to this possibility, Preston^® has noted that dunng the water-retting of jute 
under carefully controlled conditions, lignin is removed easily from the 
primary wall while the secondary wall remains strongly ligmfied The sug¬ 
gestion IS made, therefore, that in the production of the retted fibre of com¬ 
merce to which this work relates, some of the lignin in the primary wall is 
still retained and that it is this portion of the lignm which is removed during 
pre-treatment with dilute acid Since, as shown by Preston,^® the secondary 
wall does not undergo swelling, even in the presence of strong mineral acid, 
it is unlikely that a pre-treatment with 5 per cent sulphuric acid will dissolve 
lignm from this region 

For the determination of lignm m jute fibre, hydrolysis with 5 per cent, 
sulphunc acid prior to treatment with 72 per cent acid not only removes 
pentoses but also dissolves a portion of the lignin. A more correct value is 
obtained, therefore, without ^uch a pre-treatment 
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PROCESS 

By P. P. TowJiend and M. Z. RzEGoaNSKi 

[Copyright by tko Textile Institute) 

INTRODUCTION 

The present trend in worsted yam production is to reduce the work 
entailed in the conversion of top to roving and yet maintain the standard of 
the product. If the present weight per unit length of top is retained then a 
reduction in the number of processes can be effected only by reducing the 
doublings^ or increasing the draft® at each operation; both have been shown 
to be possible and practical. A third method of reducing the number of 
drawing operations might be achieved if it could be shown that a much 
lighter top can be used. Normally the Noble comb produces a comb sliver 
weighing, for botany wools, ounces per 10 yards. About twenty of these 
slivers are fed to the ist finisher gill with a draft of four to give a sliver 
weighmg 8 ounces per 10 yards, two of which are fed to the 2nd finisher gill 
with a draft of just below four to give the resultant top weighing 4^ ounces 
per 10 yards The practical difficulbes of using the comb sliver as top are 
due first to the organisation of the worsted industry wherein a spinner does 
not himself comb but buys tops from the comber; the top must therefore be 
of a transportable nature Secondly, the comb sliver is not so regular in 
weight along its length as the fimphed top Nevertheless, it was thought 
that an investigation into the possibilities of using a comb sliver as top 
would be worth while. 


EXPERIMENTAL 

One hundred pounds of 64s Australian greasy wool, warp type, was 
scoured, carded, backwashed, gilled and punched prior to combing 
Carding was effected in the damp state on a four licker-two swift Bradford 
t37pe botany card. During backwashing three per cent, of Topsol, by weight 
on the wool, was added Combing was carried out on the Noble comb, the 
finest pinning being 42 and 46 pins per inch. Usually the sliver delivered 
by this machine, processing 64s wool, weighs 100 drams per 40 yards (ij 
ounces per 10 yards), but in this instance the sliver was brought off weighmg 
80 drams because this was the vreight of stubbing normally fed to the 2nd 
finisher drawing machine where it was hoped to introduce the sliver into 
the drawing process This lighter sliver was made by speeding up the 
drawing, the three dram roving was spun on a Parawind ring frame to 1/36S 
scheme of processing, to the end of coHibmg, is summansed in Table 1 . 


Table I 


Process 

Doublings 

Draft 

Weight 
(oz /lO yards) 

Scouring 

_ 


_ 

Carding. 

— 

— 

36 

Backwashing 

12 

^ 1 

10-7 

1st strong "box 

a 

4 

16 

2nd strong box . 

4 

4 i 

16 

Punch 

_ 

_ 


Noble comb 

— 

— 

1*25 


The slivers, on issuing from the comb, were divided into three lots, cans 
I, 4, 7, etc., going to form lot A, cans 2, 5, 8, etc., to form lot B, and cans 
32 6, 9, etc., to form lot C. 
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Those forming lot A were converted by the ordinary finishing process to 
a normal top, sixteen slivers being doubled at the ist finisher gill and three 
at the 2nd finisher gill with a draft of four, to give a top weighing 240 drams 
per 40 yards. Top A was then reduced to a 3 dram roving using the drafts, 
doublings and operations normally associated with this type of wool. These, 
together with the top finishing process, are set out in Table II where it wiU 
be seen that dght drawing operations were used, the first one, at the can gill, 
being used for further mixing and regularising. The drafts, throughout the 
process of reduction, were in no way excessive, ranging from 4 to 6*1. After 
drawmg, the three dram roving was spun on a Parawind ring frame to i /36s 
worsted count, 15 (calculated). 


Table 11 


Operation 

Doublings 

Draft 

Weight 

(drams per 40 yards) 

1 st finisher gill. 

16 

4 

320 

2 nd finisher giU. 

3 

4 

240 

Can gill 

4 

4 

240 

Spindle gill . 

4 

6*1 

190 

1 st drawing . 

4 

1 6 

152 

2 nd drawing . 

4 

i 6 

122 

Ist fimsher . 

4 

i 6 

82 5 

2 nd finisher . . 

2 

1 62 ! 

27 

Reducer . , . . 

2 

6-9 

9*2 

Rover . . . 

2 

' 61 

3-0 

Ring spinning frame .. 

1 

[ 69 

0 6 (l/36s) 


In the case of lot B the top finishing process, and therefore any thickening 
of the sliver, was omitted. Instead the combed sliver was gilled on the can 
gill,* four ends up with a draft of four, so that the sliver weight remained the 
same, viz., 80 drams per 40 yards The material was passed through the 
machine four times after which the gilled sliver was taken to the 2nd finisher 
drawing machine for reduction to roving The weight fed to this machine 
was therefore the same as in the case of lot A. Normally the twist necessary 
for fibre control in the subsequent drafting process is imparted by the pre¬ 
vious machine, but since in this case the sliver was twistless it had first to be 
passed through the front rollers only and wound on to the bobbin of the 
1st fimsher drawing machine. The twisted sliver was then drawn on the 2nd 
finisher followed by the reducer and roving frames, to be spun finally on 
the same machine as lot A to the same count and twist. The processing 
details of lot B from comb sliver to yam are given in Table III. 


Table III 


Operation 

Doublings 

Draft 

Weight 

(drains per 40 yards) 

Can gill ..... 

4 

4: 

80 

Can gill . . 

4 

4 

80 

Can gill . . 

4 

4 

80 

Can gill 

4 

4 

80 

2 nd fimsher 

2 

59 

27 

Reducer . 

2 

5-9 

9 

Rover . . 

2 

61 

3 

Ring spinning frame . 

1 

59 

0-5(l/36s) 


* The can gill box was used instead of the fimsher gill box because of ease of 
manipulation 
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The combed sliver forming lot C was processed in a similar manner to 
that of lot B except that it was passed once only through the can gill, after 
which it was reduced and spun. Processing details from comb sliver to yarn 
are given in Table XV. 

Table IV 


Operation 

Doublings 

Draft 

Weight 

(drams per 40 yar^s) 

Can gill . 

4 

4 

80 

2ncl finisher . 

2 

6*8 

27 

Eoducer . 

2 

6 

9 

Rover . 


62 

a 

Ring spinning frame ... 

1 ' 

69 

0 5 (1/369) 


Figure i illustrates in graphic form the number of operations used in each 
process and the changes in weight per unit length during conversion from 
combed sliver to spun yam The height of each strip is proportional to the 
weight of 40 yards of sliver, the white portions representing the weight of 
sliver deliver^ by the machine whilst the shaded portions represent the 
weight fed to the machine. At the same time Table V has been drawn up 
to show the total draft and doublings imposed on each lot. It will be 
seen that these were comparatively few in the case of lot C, more in lot B 
and very many m lot A. 


Table V 



A 

B 

c 

Total doublings from comb to spun yarn 

Total draft from comb to spun yarn. 

393,200 

64,460,000 

2,048 

320,800 

32 

5,093 


EXAMINATION OP PRODUCT 

Uniformity of Combed SUver and Top 

Examination of the long term, as opposed to short term, variations in 
sliver, top, roving and yarn was effected by cutting successive lengths of 
sliver, etc., and weighing them on an automatic balance. It was decided to 
cut and weigh successive twelve-inch lengths of the comb slivers and then to 
use a test length for the top, rovings and yams which gave the same weight. 
Besides allowing a comparison of the three processes, this procedure showed 
the effect of draft on the regulanty of a mass of fibres during their attenu¬ 
ation by the drafting process. 

During combing three portions of the sliver were collected at intervals 
throughout the run, samples were also taken from lot A after the top finish¬ 
ing process, from lot B after the fourth passage through the can gill and from 
lot C after its one passage through the can gill. These were stored under con¬ 
stant temperature and humidity conditions for three days pnor to being cut 
into lengths and weighed. Since top A was three times as thick as the other 
shvers, it was cut into four-mch lengths so that the lest piece should be the 
same weight. The mean weights and coefficients of variation obtained for the 
different products are given in Table VI, whilst Figures 2, 3, 3a, 4 and 5 
show the measure of irregulanty. In order to extract the most information 
from top A, the weights of successive four-inch lengths have been grouped in 
threes to give the weights of successive twelve-inch lengths. These results 
are included in Table VI. 





Comb Sliver 


Pyocess—Townend and Rzegooinskt 



Reducer 















t66i 


Process—Townend Hzegocxnskt 

Comparing the figures obtained for the coefficients of variation of the 
sliver and tops it is evident that the gilling process has reduced the variation 
in the original sliver. Top C which had been subjected to one gilling process 
only with four ends is considerably more uniform than the comb sliver, 
whilst Top B in turn, as a result of four gillings, is more uniform than Top C. 
Considering the coefficient of variation of the i2-mch lengths it is interesting 
to observe that Top A, which was subjected to two gillings only, is more 
uniform than Top B after four gilling^. This increase m uniformity of Top A 
must be attributed to the extra doublings (i6) which this material received 
at the 1st finishing gill. 



Before the three tops were drawn analyses were made for fibre length dis¬ 
tribution by the cut square method.® Three samples were taken from each 
top, each consisting of approximately 250 fibres. The percentage frequencies 
together with mean fibre length and standard deviation are given in Table 
VII. 


Table VII 


Length 

(cm) 

Frequency (%) 

Top A 

Top B 

Top C 

0 - 1 

2-6 

23 

18 

1 - 2 

75 

2*4 

24 

2 - 3 

S3 

6*3 

65 

3— 4 

10 4 

11*1 

10*1 

4- 5 

11-7 

12 4 

121 

6 - 6 

11*5 

IM 

10-6 

6 - 7 

11 7 

115 

11 1 

7- 8 

10-7 

10*3 

11*1 

8 -^ 9 

8*8 

8*7 

10 0 

9~10 

7-4 

86 

8*1 

10-11 

43 

73 

57 

11-12 

23 

3*9 

59 

12-13 

1-3 

2*1 

2*1 

13-14 

08 

17 

0*9 

14-15 

0 1 

0*7 

0*5 

15-16 

0‘1 


03 

16-17 


— 

0*1 

Mean fibre length (cm.) 

6*0 j 

6*6 

6*7 

Standard deviation .. 

2*8 

3*3 

3*2 
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10 20 30 40 
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SUCCESSIVE 9 -YARD LENGTHS 

Fig 7 




10 20 30 -40 50 

SUCCESSIVE 9 -YARD LENGTHS 


Fig 8 
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The mean fibre lengths of the three tops, together with the frequency 
distributions, show that Top A suffered more breakage in gilling than the 
other two tops. This might be due to the fallers being more densely crowded 
m the 1st finishing operation when sixteen ends were fed to the machine 
than in the case of lots B and C, so that a greater force had to be exerted 
in pullmg the fibres forward by the front rollers. 



Fig 9 



Fig. 10 



Fig II 

Uniformity of Roving 

After completion of drawing the rovings produced by the three methods 
were compared for uniformity. This was done, as before, by cutting suc¬ 
cessive lengths and weighing them, the unit of length in this case being nme 
yards which weighed approximately the same as twelve inches of top. 
These lengths were measured with the aid of the normal one yard worsted 
wrap reel. After cutting, the portions of rovings were stored under constant 
humidity and temperature conditions before being weighed. The roving 
operations were effected on a 12-spindle frame, the rovings from the odd- 
numbered bobbins being used for testing purposes, whilst those from the 
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even-numbered bobbins went forward for spinning. Fifty 9-yard lengths 
were taken from each bobbin, making a total of 300 tests for each lot, the 
means together with the coefficients of variation are given in Table VIII, 
whilst Figures 6, 7 and 8 illustrate the types of variation in the rovings 
from the three lots of bobbin i. 

Table VIII 


Process 

Mean weight 
of 

9 yards (grams) 

Coefficient of 
vanation % 

Roving A ... 

. ••• ... 

«*• ... 

19-2 

20 

Roving B ... 

» ... ... 

. . 

19-9 


Roving C . 

. 

. . 

19 5 

1 4-3 


Comparing the coefficients of variation together with the graphs of 
Figures 6, 7 and 8 for the three lots, it is evident that the regularity of the 
rovings has remained in the same order as in the tops, A being most 
uniform, followed in turn by B and C. 

Uniformity of Yams 

The spun yams, having an average count of 1 / 37 S, were tested for long 
term vanation in the same manner as the rovings, in this case, however, 
the test length was fifty-eight yards. There were two doffings, each of 
twelve bobbins, so the odd-numbered bobbins from the first doff were used 
for this test. Fifty hanks were reeled from each bobbin and the means 
obtained from three hundred observations. These together with the 
coefficients of variation are given in Table IX Figures 9, 10 and ii illus¬ 
trate the t3^e of variation shown by the yams from bobbin r. 


Table IX 


Process 

Mean weight 
of 

58 yards (grams) 

Coefficient of 
vanation % 

Yam A .. , . 

19-4: 

3-2 

Yam B . 

19-4 

29 

Yam!C ^ . . . , 

19 7 

4*7 


The actual means of the counts from each fifty observations obtained 
from the various bobbins are given in Table X to illustrate the extent of the 
long term count variation between bobbins and lots 


Table X 


Bobbin 

Mean C 

^ount of 50 tests (68 yards) 

Lot A 

Lot B 

LotC 

1 

38-3 

36*3 

35*6 

3 

38-4 

37-8 

37*0 

5 

37 3 

38 8 

37*0 

7 

37-6 

37-6 

39*3 

9 

36-0 

37-3 

37*1 

11 

36-7 

37 6 

35*5 

Mean 

37-4 

37*1 

37 0 


These indicate that yam B is as uniform in count as yarn A, but yam C 
is more variable. 
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T465 



Fig. 13 


Short Term Varlatioa of Rovings and Yams 

Another investigation to determine the short term variation was carried 
out on the same rovings and ynms as in the previous tests The apparatus 
used was the general purpose photoelectric photometer devised by Chamber- 
lain,* the principles of which are discussed in thi^ Journal, 1944, 35, t 6 i. 

This instrument (Figures J2, and 13) can be adapted to assess the regu¬ 
larity of rovings and yams. A ray of light is focussed centrally on the two 
adjustable half cylinders of brass, between which the yam, suitably ten- 
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Fig, 14 
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Fig, 15 



10 20 30 10 SO 60 70 80 

SUCCESSIVE SIX INCH LENGTHS 


Fig, i6 

sioned is passed. The light passing the yam, through the sht, is received 
on a photoelectric cell whose output, suitably amphfied, is recorded on a 
voltmeter. The slit is adjusted so that the width, without yams, is twice 
that of the average diameter to be measured, and the meter reading is 
adjusted by means of the amplifier gam control so that when no yam is 
present at the slit, the meter reads full scale (20 volts) Hence, with yarn 
present, the reading vanes about a mean of approximately 10 volts. Two 
hundred observations were made along each roving and yarn, six bobbins 
being used in each case from the three lots A, B and C; readings being taken 
at six-inch intervals. The readings were grouped while being taken into 
0-5 volt group intervals, and the true mean and coefBicient of variation esti¬ 
mated from these grouped observations. The mean values and coefficients of 
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variation so obtained are given in Table XL The means of the voltages 
obtained in each case, which are arbitrary measures of the diameters 
together with the coefficients of variation are given in Table XL whilst 
Figures 14, 15 » 16 and 17, 18, 19 indicate the order of vanation given by 
bobbin I of the rovings and yarns, respectively 

Table XI 


Lot 

Roving 

1 Yam 

Mean 

Coefficient of 
vanation % 

Mean 

Coefficient of 
variation % 

A 

8-3 

15 0 

88 

21 0 

B 

7-6 

17*2 

9 5 1 

20-2 

C 

7*0 

18 1 

91 1 

21«0 



Fig 17 



Fig, 18 



Fig 19 
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Comparing the coefficients of variation of the three rovings, it will be 
seen that A is the most tiniform, followed by B and finally C. But m the 
case of the yams there is very little difference in uniformity. This may be 
due to the fact that the spinning operation has imposed such a large degree 
of irregularity on the rovings that the small differences existing at the fonner 
stage are swamped by the larger irregularity due to the spinning operation. 
The figures relating to the yams imply that over a short length of yam, as 
generally used for visual inspection, there would be very little difference in 
regularity among the three lots. In practice this was found to be true, 
experts were unable to agree as to which yam was the most uniform. 

Yam Strength 

Finally the 5/ams spun on the even-numbered bobbins were tested for 
strength. At the same time a routine check was made to ensure that the 
turns per inch of the three yarns were ahke. For the latter purpose twenty- 
five tests were made, on ten inch test pieces, at intervals down each bobbin. 
The strength tests were carried out on a Baer single thread machine usmg an 
18-inch test length, under humidified conditions In all, three hundred 
tests were made from each lot, fifty from each of six bobbins and like the 
twist tests, these were spread over the whole length of the spun yarn. The 
results are given in Table XII. 

Table XII 




Breaking 

Coefficient of 

Lot 

Turns per inch 

Load ( 02 s) 

variation 

A 

15 3 

' 35 

14 4 

B 

15 6 

i 3*6 

16 1 

C 

15 6 

1 3*6 

16 3 


Companng the breaking loads of the three yarns it will be seen that the 
means are alike but the coefficients of variation indicate that yarn A is 
shghtly more uniform This difference is, however, very small, and it is 
doubtful whether under industnal conditions such a small difference would 
be detectable 

DISCUSSION 

It is evident from the coefficients of variation of the three tops, given in 
Table VI, that these vaned considerably in uniformity, A being most uniform 
m cross-sechonal area, followed m turn by B and C. The next check on 
umformity was made at the roving stage Top A, because of its greater 
thickness had to pass through more operations than B and C before roving, 
nevertheless the long term uniformity of the three rovings remained m the 
same order as at the top stage, A still being the most uniform. Now it is 
known that the irregularity of a slabbing increases as it passes through the 
drawing frames so that it would seem that the irregularity imposed on the 
more imiform top A by the whole drawing was equal to that imposed on 
the more irregular top, B, by the shortened drawing process and again 
similar to that imposed on the most irregular top, C, by the same shortened 
process. This same order of irregularity is also evident in the short term 
vanations of the rovings as shown by the results in Table XI, where it will 
be seen that the irregularity is still m the same order. 

Examination of both long and short term variations of the three yarns 
shows that the spinning operation has interfered with this order for B appears 
to be more uniform than yarn A From the point of view of long term 
irregulanty it would seem that C is still the most irregular, the count 
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variation as shown m Table X is fairly considerable, and such that it would 
not be considered a commercial yam. From the short term irregularity 
examination it would appear to be equal to yam A, but the other figures 
emphasise the effect of the long term variation m the roving, and it is evident 
that the initial one gilling operation wa? insufficient to reduce the irregu- 
lanhes of the original comb sliver On the other hand it would seem that 
four gillings of the comb sliver, as given to B, are sufficient to allow one to 
use a considerably shortened process and spin a yam comparable with that 
spun from the same comb sliver which has passed through all the top 
finishing and drawing processes. 

Comparing yam strengths, it will be seen that these are the same for all 
three products, although the deviation from the mean m the case of A was 
least 

There are two further points which must, in conclusion, be made. First, 
it IS necessary to recognise that the count spun was 1 / 37 S, which for a pro¬ 
cess of this nature was fairly exacting, so that irregularities in the yarns were 
likely to be emphasised This count was purposely chosen to exaggerate 
any defects which might arise from the shortened process, but it is probable 
that the differences between the various yarns would be less if the count 
spun had been lower, say, i/ias or i/i6s Secondly, the material used in 
this expenment was a composite lot of wool, which had been subjected to 
the same scounng and carding procedures and went to the comb as one lot of 
wool. The combed sliver was therefore more uniform in fibre properties 
than would be the case in industry where the material leaving the comb at 
different times dunng the same day will have been subjected to varying 
scounng and carding conditions which impose other variations besides the 
ever present cross-sectional variation of the sliver. These will restnct the 
utilisation of shortened method^ shown to be possible in this paper. There 
IS also the further aspect, which has not been discussed in this paper, of the 
effect of shortened processes on the cost of production and the balance of 
machines and these would require to be considered before one departed from 
present-day practice Nevertheless, it has been demonstrated that given a 
reasonably uniform mass of wool it is possible to reduce the number of 
operations required to make a yarn and yet maintain the standard of product. 

SUMMARY 

An investigation has been made into the possibilities of utilising the sliver 
from a Noble comb as raw matenal for the drawing process. The use of 
such a thin sliver permits the omission of the majonty of the open drawing 
processes. Examination of the resultant yams shows that they compare 
favourably with those produced from the same wool, 64s, by the normally 
accepted top finishing and drawing processes, from the point of view of long 
and short term irregularity and yam strength 
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Letters to the Editor 


To the Editor, Journal of the Textile Institute. ^ 

A BALLISTIC METHOD FOR THE DETERMINATION 
OF INTER-PLY ADHESION 

In the above paper, the author states that for adhesive tape the points 
on the graph of Area Peeled-Work are more dispersed than for other systems 
This touches the fringe of the matter, and considerable war-time experience 
with adhesive tapes suggests that a satisfactory test-method simply does not 
exist, despite numerous efforts 

A particular warning seems desirable, in a large-scale investigation it 
was foimd that vanous forms of rate-of-peeling " test (using aluminium, 
plate glass, etc.) and American-t57pe tests (maximum load to strip at a 
steady rate), all placed a series of commercial adhesive tapes in the same 
order, which agreed roughly with practical evaluations. The ballistic test, 
however, placed them in almost the inverse order. 

This behaviour is dependent on the physical properties of the adhesive 
mass, and different makes behave in different ways, even on qualitative 
test. One will withstand a small steady pull well, but will strip easily with 
a sudden jerk; another will withstand a sudden jerk, but will peel off easily 
under a^small steady load. Cases occur where material behaving very 
poorly on a stripping test behaves perfectly well in practical use. 

The purpose of this letter is therefore twofold, first to draw attention to 
the danger of accepting a ballistic test without much comparative testing, 
and secondly, to point out that the field of research on testing " adhesion ” 
of masses having vanous degrees of thixotropy, viscosity, true elasticity, 
rubbery tackand other vague physical properties, is still wide open to 
anyone who will bnng the necessary skill and time to it. 

F. V. Davis 

James Hardcastle & Co Ltd , 

Bradshaw Works, nr. Bolton. 
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40 —THE EFFECTS OF SODIUM CHLORIDE, PYRIDINE AND 

ETHYL ALCOHOL ON THE ABSORPTION SPECTRA OF 
CERTAIN AZO DYES IN AQUEOUS SOLUTION 

By J T. Martin and H. A. Standing 

[Copyright by the Textile InsUiuie) 

ABSTRACT 

Sodium chloride has a considerable effect upon the absorption spectra of solutions 
of Benzopurpurine 4B, its meta ibomcr and Direct Fast Orange SE in water. These 
dyes are known from other evidence to form aggregates m the solution when sodium 
chloride is added to it. The spectra of Chrysophenme G and Naphthalene Orange 
2G in aqueous solution are unaffected by the addition of salt; it is known that these 
dyes are not appreciably aggregated by salt. The spectral effect of sodium chloride 
IS therefore probably due to aggregation of the dye. 

When dissolved in aqueous pyridine containing 10 per cent or more of pyridine, 
none of the dyes shows any considerable change m its absorption spectrum on the 
addition of sodium chloride to the solution. The presence of pyridine in the dye 
solution therefore probably prevents the aggregation of the dye by the salt. The 
spectrum of each dye in aqueous pyridine depends upon the percentage of pyridine 
in the solution, but even when the pyridine concentration is only 10 per cent., the 
spectrum of the dye differs signiiicantly from that of the dye in water. 

The absorption spectrum of each dye in aqueous ethyl alcohol is independent 
of the concentration of sodium chloride in the? solution when the alcohol concen¬ 
tration is 50 per cent, but not when it is 10 per cent The spectrum of each dye 
in a<jueous alcohol (free from salt) depends on the percentage of alcohol in the 
solution, the effect of 10 per cent, alcohol on ilie spectrum of the dye is small, 
however, compared with the effect of 10 per cent pyndme It is suggested that 
the spectral effect of ethyl alcohol is due to the effect of alCohol on the dielectric 
conslant of the solution whereas the spectral effect of pyridine is due in part to 
complex formation between the pyridine and the dye 

INTRODUCTION 

During investigations of the absorption of direct dyes by cellulose, the 
concentration of dye solutions is estimated colorimetically. These solutions 
may contain inorganic electrolytes, such as sodium chloride, in addition to 
the dye, and they may also contain non-electrolytes, such as pyridine, that 
have been used for the extraction of the dye from the dyed material. It 
IS well recognised that the presence of such compounds in aqueous dye 
solutions may have considerable effect on the ahsoiption spectrum of tiie 
dye, and a preliminary investigation of these effects is usually necessary for 
the colonmetnc analysis of the dye solutions. Observations originally made 
in this connection led to the work described in this paper. 

The inorganic electrolyte used was sodium clilonde, the non-electrolytes 
were pyndme and ethyl alcohol. Pyridine is frequently used for extracting 
dyes from dyed cellulose, and ethyl alcohol was included in the investigation 
to see whether the spectral effects of pyndme were typical of a non- 
electrolyte. 

The dyes were: the dis-azo direct dyes, Benzopurpurine 4B (Colour 
Index 448), Direct Fast Orange SE (Colour Index 326), Chrysophemne G 
.Colour Index 365), the dis-azo dye meta-Benzopurpurine 4B isomeric with 
Benzopurpunne 4B but of relatively low substantivity towards cellulose; 
and the mono-azo wool dye Naphthalene Orange aG (Colour Index 151). 
These particular dyes were chosen chiefly because they had already been 
punfied for other work. 
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1. THE SPECTRAL EFFECT OF SODIUM CHLORIDE 
When the dye concentration is maintained constant the absorption 
spectrum of Benzopurpurine 4B in aqueous solution depends upon the 
concentration of sodium chlonde present in the solution As the sodium 
chloride concentration is increased the maximum extinction coefficient of 
the dye decreases, and the spectral peak is displaced slightly towards the 
violet This’effect is shown in Fig. i for dye solutions which were nieasured 



Fig. I. Absorption Spectra of Benzopurpurine 4B in Aqueous Solution containing 

Sodium. Chlonde 

Dye 10 mg /I NaCl concentration (g /I) shown on each curve 

6 days after their preparation, the dye concentration being maintained con¬ 
stant at 10 mg./I. and the salt concentration (shown on each curve) being 
varied from o to 4 g. per litre. The figure also shows that although the 
extinction coefficients at the peak and the longer wavelengths vary consider¬ 
ably with the salt concentration, those at the shorter wavelengths do not 
vary appreciably 

The effect of sodium chlonde on the absorption spectrum of each of the 
other azo dyes is shown in Figs 2a—d, the concentration of the dye is 
maintained constant and the sodium chloride concentration is varied The 
spectra of meta-Benzopurpunne 4B (Fig 2a) and of Direct Fast Orange 
SE (Fig. 2b) depend upon the concentration of sodium chloride in the 
aqueous dye solution As the salt concentration is increased the maximum 
extinction coefficient of the dye decreases, and the spectral peak is displaced 
slightly towards the violet for meta-Benzopurpunne 4B and towards the red 
for Direct Fast Orange SE. On the other hand the spectra of Chrysophenine 
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Fig. 2. Absorption Spectra of the Dyes in Aqueous Solution containing 

Sodium Chloride. 



Fig 2a. Meta-Benzopurpunne 4B 
Dye concentration 10 mg,/l. 
Sodium chloride concentration (g./l) 
shown on each curve 



350 400 450 500 


Fig. 2C. Chrysophenine G. 

Dye concentration lo mg./I 

-No sodium chloride. 

. . 4 g. sodium chloride per 1. 



Fig 2h. Direct Fast Orange SE. 
Dye concentration 7.5 mg./I. 
Sodium chloride concentration (g./l.) 
shown on each curve. 



• No sodium chloride 
4 g. sodium chloride per 1. 


G (Fig. 2c) and of Naphthalene Orange 2G (Fig 2d) are practically inde¬ 
pendent of the concentration of sodium chloride in the aqueous dye solution. 

At 25 °C. Chrysophenine G and Naphthalene Orange 2G are almost 
molecularly dispersed^'® in aqueous solution containing sodium chloride, 
the other three dyes, however, are considerably aggregated^*®'® by sodium 
chlonde in aqueous solution. The spectral effect of sodium cWoride is 
therefore probably due to the aggregation of the dye by the salt. 

The absorption spectra of Benzopuipurine 4B solutions containing not 
more than 2 g, sodium chloride per litre do not alter appreciably dunng 
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the six days following the preparation of the solutions. When the salt 
concentration is 3 or 4 g. per litre, however, the absorption spectrum of the 
solution alters considerably during the first 24 hours after preparation and 
slightly during the succeeding week. This effect may be due to a slow 
attainment of the final state of aggregation. No significant alteration of the 
spectrum with time occurs with Direct Fast Orange SE solutions, and only 
small changes occur with meta-Benzopurpurine 4B solutions. 

2 . THE SPECTRAL EFFECT OF PYRIDINE 
Aqueous p37ndine solutions are frequently used to extract dyes from 
dyed cellulose; they have also been used for the colorimetric analysis of 
mixtures of direct dyes. Thus Neale and Stringfellow^ observed that the 
spectra of two direct dyes in 25 per cent, aqueous pyridine* were almost 
additive whereas the spectra of the same dyes in water were not. They 
suggested that in aqueous solution one direct dye can form a complex 
with another, and that the presence of pyridine in the aqueous dye solution 
prevented any such complex formation It therefore seemed probable that 
the presence of pyridine in an aqueous dye solution might also prevent the 
aggregation of the dye by sodium chloride; and the effect of sodium chloride 
upon the absoiption spectra of the dyes in aqueous pyridine was therefore 
investgated. This investigation was confined to the three dyes, Benzopur- 
purine 4B, meta-Benzopurpunne 4B and Direct Fast Orange SE since sodium 
chloride has no effect upon the spectra of the other two dyes in water. 

At 25° C. Benzopuipurine 4B is precipitated from an aqueous 10 mg./I. 
solution by the addition of about 6 g. sodium chloride per litre. When the 
dye is dissolved in 23 per cent, aqueous pyridine, however, it remains in 
solution even when 50 g. sodium chloride per litre is added. A similar effect 
is observed with Direct Fast Orange SE. The effect of sodium chloride on 
the absoiption spectra of these dyes in 25 per cent, aqueous pyridine can 
therefore be investigated over a much wider range of salt concentration than 
is possible for solutions of the dyes in water alone 

The absorption spectrum of Benzopurpurine 4B (10 mg./I.) in 25 per 
cent, aqueous pyndine is practically independent of the concentration 
(0 to 50 g./l.) of sodium chloride present in the solution This is shown 
by the following values of the maximum molar extinction coefficients (cniax)* 

Sodium chloride (g /I.) 0 4 10 50 

WXlO-<i 5 44 5 46 6 46 6 49 

The absorption spectra of these solutions are practically independent of the 
age of the solutions during the week following their preparation. The 
absorption spectra of meta-Benzopurpunne 4B and Direct Fast Orange SE 
in 25" per cent aqueous p3uidine are also practically independent of the 
sodium chlonde concentration (0 to 50 g./l.). These results therefore lead 
to the conclusion that when the aqueous dye solution contains 25 per cent, 
of p5mdine, the dje is not aggregated by sodium chloride. 

The effect of sodium chlonde on the absorption spectrum of Benzo¬ 
purpurine 4B (10 mg,/I.) in aqueous pyridine solutions containing only 5 
per cent and 10 per cent, pyridine by volume was also investigated. When 
the pyndine concentration is 10 per cent, the dye is not precipitated from 
solution by the addition of 50 g. sodium chloride per litre, and the absorp¬ 
tion spectrum of the dye in 10 per cent aqueous pyridine is almost 

*In the paper the phrase “25 per cent, aqueous pyridine** is used to describe 
a pyndme-water mixture containing 25 per cent by volume of pyridine. The 
phrase " 25 per cent aqueous alcohol ** is used in a similar sense. 
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independent of the concentration (0 to 50 g./O sodium chloride in the 
solution. When the pyridine concentration is only 3 per cent, the dye is 
precipitated from the solution by 50 g. sodium chloride per litre but not by 
10 g. salt per litre. The absorption spectrum of the dye in 5 per cent 
aqueous p5nidine depends on the concentration (o to 10 g /I.) of sodium 
chloride in the solution, the maximum extinction coetficient of the dye 
decreasing with increasing salt concentration. However, the decrease is very 
much smaller than that for solutions without pyndine, as shown by the 
values of the maximum extinction coef&cients in the following table. 

Sodium chloride (g /I) 0 2 4 10 

Benzopurpunne 4 B m water s/in-4/^12 4'76 4*07 dye precipitated 

Benzopurpurme 4 B in 6 % aq. pyridine j ““ \ 6*26 6* 16 6*07 6‘ 02 

Thus even when the concentration of pyridine in the aqueous dye solution 
IS only 5 per cent., the spectral effect of sodium chloride is considerably 
reduced. 



Although no new absorption bands are developed, the absorption spec¬ 
trum of Benzopurpurine 4B in aqueous pyndine (free from sodium chloride) 
differs sigmficantly from that of the dye in water alone. Fig 3 shows that 
the spectrum of the dye (10 mg /I) in aqueous pyridine depends on the 
percentage of pyridine in the solution. As the pyridine concentration is 
increased, the maximum extinction coefficient of the dye increases (up to 
50 per cent, pyridine), and the entire spectrum is progressively displaced 
towards the red. The displacement is considerable even when the pyndine 
concentration is only 10 per cent; moreover the displacement when the 
pyridine concentration is increased from 0 to 23 per cent, is greater than 
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Fig. 4. Absorption Spectra of the Dyes in Water and in Aqueous Pyridine. 
Percentage by volume of pyridine in solution shown on each curve. 





the displacement corresponding to an increase m the pyndine concentration 
from 25 to 75 per cent. 

Fig. 4 shows the spectrum of each of the other dyes in water, 25 per cent 
aqueous pyridine and in 75 per cent aqueous p3Tidine. The entire spectrum 
of each dye is considerably displaced by the presence of 25 per cent, pyndine 
in the aqueous dye solution, the displacement is towards the violet for Direct 
Fast Orange SE (Fig 4b) and towards the red for the other three dyes. 
Although the spectrum is progressively displaced as the pyndine concentra¬ 
tion is increased, the displacement for an increase from o to 25 per cent, 
pyridine is greater than that for an increase from 25 to 75 per cent, pyndine. 
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Thus for each of the dyes the addition of 2 $ per cent pyndine to the aqueous 
dye solution has a relatively large effect upon the spectrum of the dye. 

The results show that when the dye solution contams 25 per cent, 
pyndine, the absorption spectrum of the dye is not only independent of the 
concentration of sodium chloride in the solution, but is also sigmficantly 
different from that of the dye in water alone. These facts can be explained 
by the hypothesis that pyridine forms a complex with the dye, that the 
pyridme-dye complex is not aggregated by sodium chloride, and that its 
spectrum differs from that of the dye An alternative hypothesis is that 
the effects of pyridine are due to the fact that the dielectric constant of 
pyndine is considerably lower than that of water—^the smaller the dielectric 
constant of the solvent, the greater is the electrostatic repulsion between 
two dye anions, and in consequence the smaller the aggregation of the dye. 
This same hypothesis could account for the effect of pyridine on the absorp¬ 
tion spectrum of the dye since it is generally believed that the absorption 
spectrum of a solute depends on the dielectnc constant of the solvent 

Whereas the hypothesis of complex formation demands a specific inter¬ 
action between certain groups of the dye molecule and the pyridine, the 
second hypothesis implies that any solvent whose dielectric constant is much 
. less than that of water will have an effect similar to that of pyndine on the 
absoiption spectrum of the dye. The effect of another solvent, namely, 
ethyl alcohol, Was therefore investigated. This investigation, which is 
described in the following section, was concerned with: (i) the effect of 
sodium chloride on the spectrum of the dye m aqueous alcohol and (2) the 
effect of alcohol upon the spectrum of the dye in salt-free aqueous solution, 

3 . THE SPECTRAL EFFECT OF ETHYL ALCOHOL 

The object of these experiments was to see whether the presence of 
ethyl alcohol in the aqueous dye solution prevented the aggregation of the 
dye by sodium chloride. Since aggregation may not be complete within an 
hour of the preparation of the solutions, it is desirable to measure the spectra 
of the solutions after longer intervals The absorption spectrum of Benzo- 
purpurine 4B in aqueous ethyl alcohol depends, however, on the age of the 
solution even when the solution is free from salt; as the age increases the 
maximum extinction coefficient of the dye decreases This behaviour, which 
is not understood, may be due to decomposition of the dye by alcohol since 
the decrease in the extinction coefficient when the solution is left to stand is 
very large under certain conditions. A slow change with time was also 
observed in the spectra of salt-free solutions of meta-Benzopurpunne 4B 
containing alcohol, but not in solutions of Direct Fast Orange SE. Further 
details of the behaviour are given in the expenmental section. It is sufficient 
to say here that, owing to this effect, it was difficult to decide whether any 
aggregation of the dye in aqueous alcohol solutions containing sodium 
chloride was complete within an hour The spectra described in this section 
were all measured within an hour of the preparation of the solutions, and 
the conclusions are therefore only established for freshly prepared solutions. 

When Benzopurpurine 4B is dissolved in 50 per cent aqueous ethyl 
alcohol, it is not precipitated from solution by the addition of sodium 
chlonde of relatively high concentration. Thus whereas the dye is precipi¬ 
tated from an aqueous 10 mg /I. solution by the addition of about 6 g. 
sodium chloride per litre, it is not precipitated from a 50 per cent, aqueous 



T678 ^0—The Effects of Sodium Chloride, Pyridine and Ethyl Alcohol on the 

alcohol solution by 50 g salt per litre. Direct Fast Orange SE behaves 
similarly. Ethyl alcohol has therefore the same effect as pyridine—it 
prevents the precipitation of the dye from solution by sodium chloride of 
relatively high concentration. 

When, however, the percentage by volume of ethyl alcohol in a 10 mg./I 
Benzopurpurine 4B solution is only 10 per cent., the dye is precipitated 
from solution by the addition of 10 g sodium chloride per litre. This con¬ 
trasts with the effect of pyridine previously described, namely, Benzopur- 
punne 4B (10 mg./I) is neither precipitated from a 10 per cent aqueous 
pyridine solution by the addition of 50 g. salt per litre, nor is it precipitated 
from a 5 per cent, aqueous pyridine solution by 10 g, salt per litre. The 
contrast would evidently be still greater if concentrations were expressed m 
molanties. Thus low concentrations of ethyl alcohol are not so effective 
as low concentrations of pyridine in preventing the precipitation of the dye 
from solution by sodium chloride 

The absorption spectrum of Benzopurpurine 4B (10 mg./I) in 50 per 
cent, aqueous alcohol is practically independent of the concentration 
(0 to 50 g./l.) of sodium chloride in solution. Meta-Benzopurpurine 4B 
and Direct Fast Orange SE behave similarly. On the other hand, the spec¬ 
trum of Benzopurpurine 4B {10 mg./L) in 10 per cent, aqueous alcohol 
depends on the concentration of sodium chlonde in the solution; as the salt 
concentration increases the maximum extinction coefficient of the dye 
decreases as shown in the following table. 

Sodium chloride (g /I) 0 2 4 10 

EmaxX 10"* 5*28 6 01 4 83 dye precipitated 

Thus although sodium chloride has no effect upon the absorption spectrum 
of the dye in 50 per cent, aqueous alcohol, it has a significant effect upon the 
spectrum of the dye in 10 per cent aqueous alcohol. In contrast, the presence 
of 10 per cent pyridine m the dye solution eliminates the spectral effect of 
salt over a wide range of concentration (o to 50 g /I) 

Ethyl alcohol has a significant effect upon the absorption spectrum of 
Benzopurpurine 4B in salt-free solution Fig. 5 shows that when the dye 
concentration is maintained constant, the spectrum of Benzopurpurine 4B 
(10 mg /r.) in aqueous alcohol depends on the percentage of alcohol in the 
solution. As the alcohol concentration increases the maximum extinction 
coefficient of the dye increases. Although the extinction coefficients at the 
peak and the longer wavelengths vary considerably with the alcohol con¬ 
centration, those at the shorter wavelengths do not vary appreciably. Thus 
in contrast to pyridine ethyl alcohol does not displace the entire spectrum of 
the dye. 

Fig. 5 also shows the absorption spectra—reproduced from Fig i— 
of Benzopurpurine 4B in aqueous solution containing sodium chlonde. 
The effect of sodium chloride (as of ethyl alcohol) on the absorption spectrum 
of the dye is greatest at the peak and the longer wavelengths. On the 
other hand whereas the spectral effect of ethyl alcohol is to raise the peak 
and to displace it towards the red, the effect of sodium chloride is to depress 
the peak and to displace it towards the violet The spectral effect of ethyl 
alcohol IS therefore similar in kind, though opposite in direction, to that or 
sodium chlonde, the two sets of curves have the appearance of belonging to 
one iainily. 

The effects of ethyl alcohol on the absorption spectra of meta-Benzopur- 
piirine 4B and of Direct Fast Orange SE are similarly related to those of 
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sodium chloride. As shown in Fig. 6a the spectral effect of ethyl alcohol 
is to raise almost the entire spectrum of meta-Benzopurpurine 4B whereas 
the effect of sodium chloride is to depress the entire spectrum. Similarly 
as shown in Fig 6b the spectrum of Direct Fast Orange SE is raised and 
displaced towards the violet by alcohol whereas it is depressed and displaced 
towards the red by salt. 



Fig 5 Absorption Spectra of Benzopurpnnne 4B in Water and in Aqueous Alcohol. 
Continuous curves—spectra of the dye m aqueous alcohol 
Dotted curves—spectra of the dye in aqueous salt solution 

Ethyl alcohol, however, has an effect not only on the spectra of these 
three dyes which are aggregated by salt but also on the spectra of Chryso- 
phemne G and Naphthalene Orange 2G, neither of which is appreciably 
aggregated by salt. Thus Fig. 6c shows that the maximum extinction 
coefficient of Chrysophenine G in aqueous alcohol increases as the alcohol 
concentration is increased from 0 to 70 per cent.; the spectrum is not, however, 
displaced as much towards the red by alcohol as by pyridine Fig. 6d 
shows that the maximum extinction coefficient of Naphthalene Orange zG 
in aqueous alcohol decreases with increasing alcohol concentration The 
effect of 25 per cent alcohol upon the absorption spectrum of the dye is, 
however, much less than that of 25 per cent, pyndine, the maximum 
extinction coefficient of the dye is not decreased as much by the alcohol as 
by the pyndme, nor is the spectrum displaced as much towards the red 
These results show that ethyl alcohol has an effect upon the spectrum 
of each of the dyes. The effect, however, is smaller than, and different from, 
that of p3n:idine. The principal effect of alcohol is to alter the maximum 
extinction coefficient of the dye whereas that of pyridine is to displace the 
entire spectrum towards either the red or the violet. 
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Fig. 6 . Absorption Spectra of the Dyes in Aqueous Alcohol. 
Percentage by volume of alcohol in solution shown on each curve. 





DISCUSSION 

It has been shown that sodium chlonde has a significant effect upon 
the absorption spectra of those dyes which are aggregated in aqueous salt 
solution, and that it has no appreciable effect upon the spectra of the dyes 
which are not aggregated by salt These results lead to the conclusion that 
the spectral effect of sodium chloride is due to the aggregation of the dye by 
the salt. In this respect it is interesting to note that Sheppard and Geddes® 
have observed deviations from Beer^s Law for salt-free aqueous solutions 
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of Benzopuipunne 4B and meta-Benzopurpurine 4B. They found that as 
the dye concentration was increased, the maximum extinction coefficient of 
each dye decreased and the spectral peak was displaced slightly towards the 
violet. They attributed this effect to an increase in the degree of aggregation 
of the dye with increasing dye concentration. The similarity between these 
spectral changes in salt-free solutions and those that occur when sodium 
chlonde is added to the aqueous dye solution supports the conclusion that 
the spectral changes are due to the aggregation of the dye. 

The fact that the absorption spectrum of the dye depends upon the 
sodium chloride concentration leads to the conclusion that the degree of 
aggregation increases steadily with increasing salt concentration. Aqueous 
diffusion measurements^*® have suggested that this is so for Benzopurpurine 
4B and Direct Fast Orange SE. The alteration with time of the spectrum 
of Benzopurpurine 4B m aqueous solution containing 3 g. or 4 g. sodium 
chlonde per litre may be due to a slow attainment of the final state of 
aggregation; other workers® have concluded that the degree of aggregation 
of some dyes in salt solutions vanes with the age of the solution. On the 
other hand, although no precipitation of dye from the solutions was observed 
dunng the six days following their preparation, the solutions may have been 
supersaturated. As shown in Fig. i the effect of increasing the sodium 
chloride concentration from 2 g. to 3 g per litre is relatively large. 

The fact that the absorption spectra of the dyes in aqueous pyridine 
are independent of the concentration of sodium chloride in the solution 
leads to the conclusion that in the presence of pyridine the dyes are not 
aggregated by salt. As previously stated this effect may be due to one of two 
causes: (i) complex formation between the dye and the pyridine and (2) 
the decrease in the dielectric constant of the solution. The effect of ethyl 
alcohol was studied to distinguish between these two hypotheses. 

The dielectric constant of water is 80, that of ethyl alcohol 25 and that 
of pyridine 12*4. Wyman^ has shown that the dielectric constant of alcohol- 
water mixtures decreases almost linearly as the percentage of alcohol by 
volume is increased; thus the dielectnc constant of 10 per cent, aqueous 
alcohol IS only about 6 per cent, lower than that of water. The variation of 
the dielectric constant of pyndine-water mixtures with the pyridine concen¬ 
tration is not known, but the dielectric constant of 10 per cent, aqueous 
pyridine is probably not much lower than that of 10 per cent, aqueous 
alcohol. 

It has been shown that the absoiption spectrum of Benzopurpurine 4B 
m aqueous alcohol is independent of the salt concentration when the alcohol 
concentration is 50 per cent, but not when it is 10 per cent. This effect can 
probably be attributed to the change in the dielectnc constant of the solution. 
On the other hand the absorption spectrum of the dye in 10 per cent, 
aqueous pyndine is independent of the salt concentration and moreover the 
spectrum of the dye m 5 per cent, aqueous pyridine depends only slightly 
on the salt concentration It seems improbable that the dielectnc constant 
of the solution is lowered sufficiently by the presence of 5 or 10 per cent, 
pyndine to almost prevent the aggregation of the dye by the salt. 

Pyndine is not only more effective than alcohol in preventing the 
aggregation of the dye by sodium chlonde but it also has a greater effect 
than alcohol upon tlie absorption spectrum of the dye. This is shown in 
Fig. 7 where the wave-length of maximum absorption of each dye is 
plotted against the percentage by volume of alcohol or pyndine in the dye 
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Fig 7, Dependence of Anai on the Composition of the Solution. 
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Fig. 8.—^Absorption Spectra of the Dyes m Water, 10% Aqueous Alcohol and 

10% Aqueous Pyridine. 



(10 mg/I) 

solution. With the exception of Direct Fast Orange SE* the wave-length 
of maximum absorption of each dye is displaced much more by the pyridine 
than by the alcohol over the entire concentration range. Thus the presence 
of 25 per cent, pyridine in the aqueous dye solution displaces ^max more 
than does the presence of 90 per cent, alcohol. Moreover whereas Amax 
vanes fairly steadily with the alcohol concentration, it increases more rapidly 


*The spectral behaviour of Direct Fast Orange SE is in many ways difierent from 
that of the other dyes. The spectrum of the dye in water (Fig, 2b) has two peaks, 
a fairly sharp one at about 495 mjti and a subsidiary peak—^not very well defined— 
at about 520 mju. The addition of 25 per cent pyridine to the aqueous solution not 
only displaces the spectrum towards the violet (Fig 4b), but also alters its shape; 
the subsidiary peak is developed and becomes as pronounced as the other peak 
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with low pyridine concentrations (o-io per cent) than it does with high 
concentrations of pyndine. 

The difference, most marked at low concentrations, between the spectral 
effects of pyndine and alcohol is also shown in Fig 8 This shows that 
the spectrum of each dye in 10 per cent aqueous alcohol is not greatly 
different from that of the dye in water. The presence of 10 per cent, 
pyridine m the aqueous dye solution, however, has a significant effect on the 
spectrum of each dye, the entire spectrum being displaced towards the red 

The fairly regular variation of Amax with increasing alcohol concentration 
and the small spectral effect of 10 per cent, alcohol can probably be 
attributed to a lowering of the dielectric constant of the solution by the 
alcohol. The way in which the change in the dielectnc constant of the 
solution affects the spectrum of the dye is not known. The fact that the 
spectral effect of alcohol is opposite to that of salt would suggest that the 
dye is slightly aggregated in salt-free aqueous solution and becomes less 
aggregated as the dielectric constant of the solution is lowered by the 
addition of alcohol. It is improbable, however, that the spectral effect of 
alcohol can be entirely attnbuted to a disaggregation of the dye since alcohol 
has also an effect upon the spectra of Chrysophenine G and Naphthalene 
Orange' 2G, each of which is almost molecularly dispersed m aqueous 
solution. 

The significant difference between the spectral effects of low concentra¬ 
tions of pyridine and of alcohol suggests that the effects of pyndine are due 
to other causes besides a lowering of the dielectric constant of the solution 
Thus the experimental evidence, although not conclusive, lends weight to the 
hypothesis of complex formation between the pyridine and the dye. It 
should be stressed, however, that if complex formation occurs, then the com¬ 
plex is of low stability. This is shown by the following facts: (i) the spectra 
of the dye in aqueous pyndine (0 to 75 per cent) have no isosbestic pointy 
and (a) although the molar concentration of pyndine is greatly m excess of 
the dye concentration, the spectrum of the dye is progressively displaced 
further towards the red as the pyndine concentration is increased from 10 
to 75 per cent. 


EXPERIMENTAL DETAILS AND RESULTS 
Puriilcation and Constitution of the Dyes 

A pure sample of meta-Benzopurpurine 4B was supplied by Messrs. 
Imperial Chemical Industries (Dyestuffs) Ltd The other dyes were received 
in batch form and were punfied by the method of Robinson and Mills ® 
The purified dyes were dried at 90C. in a vacuum oven and standard 
solutions were prepared from the dry samples 

*lsoshest%c Point If two compounds, each obeying Beer's Law, are in equilib¬ 
rium (e g the yellow and red forms of methyl orange) then when the total molar 
concentration of the solution is maintained constant, and also the temperature and 
thickness of the solution in the optical cell, the optical density—^wave-length curves 
of all equilibrium mixtures intersect at a common point known as the isosbestic 
point {cf Weissberger "Physical Methods of Organic Chemistry", Interscience 
Publishers, Inc , New York, 1946, p 776) The word is derived from the Greek 
(prefix "iso " and root " sbestos " meaning equal quenching), and its use in the 
German form " isosbestisch " was proposed by Thiel, Dassler and Wulfken {1924). 
The word " isosbestic " was first introduced into English by Prideaux {Chemistry 
and Industry, 1926 45 , 664, 678) Clark (“Determination of Hydrogen Ions", 
Ballifere, Tindall and Cox, London, 3rd edition, 1928, p 153) referring it to this 
source, used the spelling “isobestic” which has been adopted by some other authors 
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Table I 

Absorption Spectra of the Dyes in Water 

I Dye"I Benzopurpurine 4B 10 1*38x10“®m, 

lDye*2. Meta-Benzopurpurme 4B. 10 mg./l 138x10'®m. 

^ Dye^3 Direct Fast Orange SE 7*5 mg /I. 0 991X 10"®m. 

t Dye"’4 Chr 5 rsophenme G. 10 mg./l. 1 47 X 10 ®m 

I Dye 5 Naphthalene Orange 2G 10 mg./l 2 855 x 10‘®m. 

Molar Extinction CoefiEicients x 10"* 


Wavelength 

m/i 

Dye 1 

Dye 2 

Dye 3 

Dye 4 

Dye 5 

380 

__ 

_ 

— 

4 26 

. 

385 

— 

— 

— 

4 46 

_ 

390 

— 

— 

— 

4 50 

0 79 

395 

— 

— 

— 

4 53 

_ 

400 

1 74 

1 72 

2 SI 

4 48 

0 90 

405 

— 


— 



410 

— 


— 

4 13 


415 

— 


— 

3 94 

- 

420 

2 11 


2 88 

3 76 


425 

— 


— 

3 58 

— 

430 


2 60 

— 

3 39 

1*12 

436 

—, 

— 

— 

3*26 

— 

440 

2-88 

2 89 

3-42 


127 

445 

— 


— 

2*96 

_ 

450 

— 

3 18 

— 

2 79 

1 61 

455 

— 

3 31 

— 

2 61 

_ 

460 

3-71 

3 43 


2 38 

1*81 

485 

— 

3 54 

— 

2 19 

— 

470 

417 

3 64 


1*95 

2 13 

475 

— 


— 


2 27 

480 


3*72 

5*88 

1 44 

2 35 

485 

4 82 

— 

6 25 

1*20 

2*36 

490 

4 99 

3 54 

6*51 


2 33 

495 


— 

6*67 

_ 

2 28 

500 

5 12 

3 14 




505 

5 01 

— 




510 

4 85 

2 53 

6 32 

_ 

1*97 

515 

4 65 



_ 

_ 

520 

4 38 

1 85 

6 22 

_ 

1*47 

525 

— 

— 

S 95 


— 

o30 

3-84 

1 25 

5*47 

_ 

0 80 

540 

3*26 

— 

3 73 

_ 

_ 

550 

2 55 


1 78 

_ 

_ 

560 

1*81 


— 

— 

— 


Spectral Effect of Sodium Chloride 

The dye solutions containing sodium chlonde were prepared at room 
temperature m the following way to ensure that the concentration of salt 
m solution during the addition of the dye did not greatly exceed that of 
the measured solution Ten c.c, of o*i g./l. dye solution were pipetted 
into about 85 c c, of sodium chloride solution and distilled water was then 
added until the final volume was 100 c.c. 

(i) Benzopurpurine 4B. As shown in Table II the maximum extinction 
coefiftaent of the dye in water depended not only on the concentration 
of added salt but also on the age of the solution. The latter effect is par¬ 
ticularly marked for solutions containing 3 g. and 4 g. sodium chloride per 
litre. 

(a) Meta-Benzopurpurine 4^ Whereas Benzopurpurine 4B is precipi¬ 
tated from an aqueous 10 mg./l solution by the addition of about 6 g. 
sodium chlonde per litre, meta-Benzopurpurine 4B remains in solution 
even when the salt concentration is 100 g /I. It was observed, however^ 
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that although 10 mg./I* meta-Benzopurpurine 4B solutions containing 100 g. 
sodium chloride per litre were stable for a week after their preparation, 
solutions containing 10 g. or 50 g, salt per litre were not stable. The dye 
precipitated from these solutions within a few d^ys of their preparation. 

Table II 

Maximum Extinction Coefficients of Benzopurpurine 4B in 
> Aqueous Solution containing Sodium Chloride 

Dye concentration ‘ 10 mg /I. = 1*38 X tmax (no salt) X10*. 


NaCl. 

g-/l. 



^ge of solution 


1 hour 

1 day 

1 week 

1 

r 

4*94 

4*93 

4 90 

2 


4*88 

4'77 

4 76 

3 

Sjuft* X 10 “* s 

4 62 

411 

4*07 

4 

1 

1 

3 74 

3*98 

4 00 


As shown'in Table III the maximum extinction coefficient emax of the 
dye in aqueous solution containing sodium chloride depends upon the salt 
concentration and slightly upon the age of the solution. Except for the 
solution containing 50 g. salt per litre the maximum extinction coefficient 
of each solution changes only by about i per cent, during the first 24 
hours after preparation. 

Table III 

Maximum Extinction Coefficients of meta-Benzopurpurine 4B in , 
Aqueous Solution containing Sodium Chloride 

Dye concentration 10 mg./l s 1*38 X 10 *“m Smax (no salt) =3 72 X10* 


NaCl 

g /1 


/ 

^ge of solution 

1 hour 

1 duy 

1 week 

1 


r 

3 62 - 

3 69 

3*69 ■ 

2 



3 63 

3 60 

3*47 

10 

Sjnax X 10 * ^ 

1 

3 08 

3 06 

"l Dye 

60 


1 

2 62 

2 48 

/ PPtd 

100 ' 


L 

2*75 

2 78 

2 83' 


(3) Direct Fast Orange SE. The absorption spectra of aqueous 10 mg. /L 
Direct Fast Orange SE solutions containing sodium chloride (i to 4 g /I) 
do not alter sigmficanlly during the week following their preparation. 
Table IV shows the variation of the maximum extinction coefficient with the 
sodium chloride concentration * 

Table IV 

Maximum Extinction CoefRcients of Direct Fast Orange SE in 
Aqueous Solution containing Sodium Chloride 

Dye concentration 7*5 mg /I =0 991 X 10 ~®m 

NaCl (g /I) 0 i 2 3 T' 

gmaxXlQ-* 6 67 6 44 6 29 6 21 6 13 


* Fig 4 of an earlier paper^ showed the absorption spectra of aqueous Direct Fast 
Orange SE solutions containing sodium carbonate. In this figure the spectra C and 
A were incorrectly lettered, the letters A and C in the figure should be interchanged^ 
1 e, the maximum coefficient of the dye decreases as the sodium carbonate concentra¬ 
tion IS increased. 
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{4) Chrysophenine G. In aqueous solution this dye is phototropic and 
the solutions were therefore illuminated for 15 mins, before measurement 
and were illuminated again when about half of the spectrum had been 
measured. The maximum extinction coefficient of the dye was practically 
independent of the concentration (0 to 4 g./L) of sodium chloride present 
m the solution. 

Spectral Effect of Ethyl Alcohol 

The absorption spectra of Benzopurpurine 4B (10 mg./I.) in aqueous 
ethyl alcohol free from sodium chloride depends upon the age of the solution. 
As shown in Table V the decrease in the maximum optical density of a 
solution during a week depends on the percentage of alcohol in the solution; 
the decrease is greater however when the alcohol concentration is 25 per cent, 
than when it is 50 per cent. 

Table V 

Variation of the Maximum Optical Density of Benzopurpurine 4B 
(10 mg,/I.) in Aqueous Alcohol with the Alcohol Concentration 



Cell 1 

■ 1 

cm. 

1 . ^ 

%EtOH:— 

0 

25 

60 

[ 98 

Age of solution 

Maximum optical density 


1 hour . 

0*706 1 

0*742 

0 771 

0 784 

1 day . . 

0-706 1 

0*700 

0-764 

0 781 

1 week. 

0*705 

0*619 

0-707 

0 785 


Similar changes with time occur with salt-free solutions of meta Benzo- 
puipurine 4B in aqueous alcohol. Thus the maximum optical density of 
a raeta-Benzopurpurine 4B solution containing 10 per cent, ethyl alcohol 
decreases by about 21 per cent, in seven days, whereas the corresponding 
decrease of a solution containing 90 percent, alcohol is only about 2 per cent. 

Some of the expenmental work was done by Mr. A. W. Titley and 
Miss M. Bilsbury. 
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41 —THE EFFECTS OF A POLYETHYLENE OXIDE 
CONDENSATE AND SOME POLYETHYLENE 
GLYCOLS ON THE ABSORPTION SPECTRA OF 
CERTAIN AZO DYES 

By J. T. Martin and H. A. Standing 

{CopynuU hy the Textile Institute) 


ABSTRACT 

The presence of Dispersol A, a polyethylene oxide condensate, in an aqueous 
10 mg /I Benzopurpurine 4 B solution has a considerable effect upon the absorption 
spectrum of the dye. The spectral effect is similar to that of pyndme, and is 
independent of the Dispersol A concentration over the range 0*5 to 10 per cent The 
absorption spectra of the dye (10 mg./I.) in solutions containing less than 0*5 per 
cent. Dispersol A depend on the Dispersol A concentration, and have an isosbestic 
point 

One per cent. Dispersol A has also a considerable effect on the absorption s; 5 ectra 
of other azo dyes, the spectral effect with each dye being similar to that of pyridine. 
It IS suggested that Idiese dyes can combine with the polyethylene oxide condensate 
to form complexes. 

The presence of i per cent, of a polyethylene glycol in an aqueous Benzopurpurine 
4 B solution has an effect similar to that of Dispersol A on the absorption spectrum 
of the dye The effect, however, is greater the greater the mean molecular weight of 
the polyethylene glycol. With any one polyethylene glycol, the presence of 5 per 
cent, polyethylene glycol in the aqueous dye solution has a greater effect than has 
1 per cent, on the spectrum of the dye Similar results are obtained with the other 
azo dyes, meta-Benzopurpurine 4 B and Direct Fast Orange SE 

With each of these dyes the spectral effect of i per cent, of the polyethylene glycol 
of highest molecular weight is less than the spectral effect of i per cent, Dispersol A. 
Moreover the spectral effect of Dispersol A, unlike that of the glycol, reaches its 
maximum at a very low concentration. It is therefore suggested that although the 
polyethylene glycol may form a complex with the dye, the dye-glycol complex is less 
stable than the dye-condensate complex It is further suggested that the difference 
m stability of the complexes is due to the presence of micelles in the condensate, but 
not m the glycol, solution 


INTRODUCTION 

Taylor and Simon^ have advocated the use of polyethylene oxide con¬ 
densates as an aid to the spectrophotometric analysis of dye solutions 
They observed that the absorption spectrum of Diamine Fast Red F (Colour 
Index 419) in aqueous solution containing i per cent, of a polyethylene 
oxide condensate was unaffected by the addition of i per cent, of sodium 
chloride to the solution although the salt produced a large fall in the 
maximum extinction coefficient when the condensate was absent. They 
also observed that the absoiption spectra of many dyes were significantly 
altered by the presence of the condensate in the dye solutions; and that the 
absorpton spectra of the two dyes Chrysophenine G (Colour Index 365) and 
Diamine Sky Blue FF (Colour Index 518), in solutions containing both, were 
additive when i per cent, of the condensate was present, though they are not 
additive in pure aqueous solutions. 

The similarity between these effects of a polyethylene oxide condensate 
on the spectra of azo dyes and the effects of pyridine—reported m the pre¬ 
vious paperi®—^led to the work described in the present paper. This is an 
investigation of the effect of a polyethylene oxide condensate on the spectra 
of the dyes used in the previous work, namely, Benzopurpurine 4B (Colour 
Index 448), its meta isomer (meta-Benzopurpurine 4B), Direct Fast Orange 
SE (Colour Index 326), Chrysophenine G (Colour Index 365) and Naphtha- 
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lene Orange 2G (Colour Index 151). The effect of a related class of 
compounds—^the polyethylene glycols—on the absorption spectra of these 
dyes in aqueous solution was also investigated. 

The polyethylene oxide condensate was manufactured by Messrs. I.C.I. 
(Dyestuffs) Ltd., and was used in the form in which it is marketed, namely, 
an aqueous solution designated Dispersol A. The condensate is non-ionic, 
and has the cpnstitution ROC3H4(OC2H4)nOH, where the end-group R is 
a large aliphatic hydrocarbon radical. The condensate is heterogeneous in 
respect to the length of the polyethylene oxide chain "-(OCaH*)^-, and 
the average value of n is uncertain. In what follows, the concentration 
of the polyethylene oxide condensate in a solution is expressed by the per¬ 
centage content of Dispersol A, and it should be remembered that the 
concentration of the anhydrous condensate is only about one third of this 
value. ' 

The polyethylene oxide condensates are mono-alkyl ethers of the poly¬ 
ethylene glycols HOC2H4(OC2H4)nOH, from which they differ only in 
possessing a fatty hydrocarbon end-group m place of a terminal hydrogen 
atom. The polyethylene glycols are manufactured by the Carbon and 
Carbide Chemicals Corporation, and are supplied as a series of anhydrous 
products in which the mean length of the polyethylene oxide chain increases 
progressively. As supplied, the different glycols are designated by numbers 
ranging from aoo to 6,000; these numbers are stated to be the mean molec¬ 
ular weights of the polyethylene glycols. The range of molecular weights 
corresponds to values of n in the general formula ranging from 3 to 135 
The products of mean molecular weight below 1,000 are viscous liquids at 
room temperature, those of mean molecular weights 1,000 and above are 
water-soluble, wax-like, solids marketed under the trade name ''Carbo- 
wax'\ They will all be referred to in the paper as polyethylene glycols, 
and the mean molecular weight of a particular sample will be given, when 
necessary, as a numerical suffix to the name. Concentrations of the glycols 
in solution will be given as percentage contents of the anyhydrous sub¬ 
stances, 

(I) THE SPECTRAL EFFECT OF DISPERSOL A 

The absorption spectrum of Benzopurpurine 4B m aqueous solution 
depends on the concentration of sodium chloride® m the solution, the 
spectra of meta-Benzopurpunne 4B and Direct Fast Orange SE are similarly 
affected by salt. This effect is due to the aggregation of the dye by the salt 
The first part of the present section describes the effect of sodium chlonde 
on the absorption spectra of these three dyes in aqueous solution containing 
I per cent. Dispersol A, the second part describes the effect of Dispersol A 
upon the spectra of the dyes in salt-free solution. 

The absorption spectrum of Benzopurpurine 4B (10 mg /I) in aqueous 
solution contaimng i per cent Dispersol A is practically independent of 
the concentration (0 to 50 g./l) of sodium chlonde in the solution The 
spectrum is also independent of the age of the solution during the week 
followmg its preparation. The following table gives the measured values of 
the maximum molar extinction coefficient (smax) ovei; this wide range of salt 
concentrations. 

NaCl (g/l). 0 4 10 60 

EmaxXio-* . 6*35 5 34 6*32 6’36 

Similarly, the presence of i per cent.. Dispersol A in an aqueous meta- 
Benzopurpurine 4B solution ehminates the spectral effect of sodium chlonde 
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(o to lOO g./l-)' spectrum of Direct Fast Orange SE in solution 

containing i per cent. Dispersol A alters only slightly as the sodium chloride 
concentration is increased from o to 50 g./l. These results therefore lead 
to the conclusion that the presence of i per cent. Dispersol A in the 
aqueous dye solution prevents the aggregation of the dye by the salt. 

The presence of i per cent. Dispersol A in an aqueous salt-free solution 
of Benzopurpurine 4B (10 mg./h) has a significant effect upon the absorp¬ 
tion spectrum of the dye. As shown in Fig. i the entire spectrum is 
displaced towards the red by the Dispersol A and the maximum extinction 
coefficient is increased. This spectral effect due to a low concentration of 
Dispersol A is similar to that of pyridine in higher concentrations; thus, as 



shpwn in Fig. i, the spectrum of the dye in solution containing i per cent, 
Dispersol A is almost identical with that of the dye in 25 per cent, aqueous 
pyridine. 

The presence of i per cent. Dispersol A in an aqueous salt-free solution 
has also a sigmficant effect upon the spectra of the other four dyes, as shown 
in Fig. 2. Thus the maximum extinction coefficient of raeta-Benzopurpurine 
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Fig. 2. Absorptiott Spectra of the Dyes In Water and in 1% Aqueous 

Dispersol A. 



400 450 500 400 450 500 550 

Fig 2 a. Meta-Benzopurpurine 4 B, Fig. 2 b. Direct Fast Orange SE. 

(10 mg./l.) (7-5 mg/l-) 



400 450 500 400 450 500 550 


Fig. 2 c. Chrysophenme G. (lo mg /I) Fig. 2 d Naphthalene Orange aG, 

(lo mg/I.) 

4B (Fig. 2a) is increased and the peak is displaced towards the red; the 
spectrum of Chrysophenine G (Fig. ac) is similarly altered; the spectrum 
of Direct Fast Orange SE (Fig. 2b) is displaced towards the violet and the 
subsidiary peak at about 510 m/ji enhanced; and the maximum extinction 
coefficient of Naphthalene Orange 2G (Fig. 2d) is decreased. Each of these 
spectral changes, due to the presence of i per cent. Dispersol A in the 
aqueous dye solution, is similar to, and comparable in magnitude with, 
that due to the presence of 25 per cent, pyridine in the aqueous dye solution. 
The results so far described are for dye solutions containing a fixed 
concentration, namely, i per cent,, of Dispersol A. When the dye con¬ 
centration is maintained constant at 10 mg./l. the absorption spectrum 
of Benzopurpunne 4B in solutions containing Dispersol A is practically 
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indepaident of the Dispersol A concentration over the range 0-5 to lo per 
cent. This is shown by the following values of the maximum molar 
extinction coefficient an<i the corresponding wavelength 

%DtspersolA ..0 0-5 1 2 6 10 

. 6 12 6-33 6-36 6 37 6-37 6-88 

AaB(in/<) . 498 617 617 617 617 617 

Meta-Benzopurpurine 4B (10 rag. /I.) behaves similarly. On the other hand, 
the spectra of Direct Fast Orange SE (7*5 mg./I.) and of Naphthalene 
Orange 2G (10 mg./I.) alter slightly as the Dispersol A concentration is 
increased from 0-5 to 5 per cent. 



Thus with Benzopuipurine 4B and meta-Benzopuipunne 4B the 
spectral effect of Dispersol A is considerable, and moreover is practically 
complete when the Dispersol A concentration attains 0-5 per cent. The 
effect of low concentrations (0 to 0-5 per cent.) of Dispersol A upon the 
absorption spectrum of Benzopuipurine 4B (10 mg./I.) is shown in Fig. 3. 
As the Dispersol A concentration is increased from o to 0-5 per cent., the 
maximum extraction coefficient of the dye increases and the peak is steadily 
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displaced towards the red. Moreover these spectra have an isosbestic point 
at aboiit 505 m/x. The corresponding spectra for meta-Benzopurpurine 4B 
also have an'isosbestic point*, though not very clearly defined, at about 
470 m;^'. 



Figf ► 4 * Absorption Spectra of Benzopurpmine 4B in Aqueous Polvethylene Glycol 
{ Solutions 

i Mol. "Wt of Glycol shown on each curve 

Bye 10 mg/i Glycol 5% 

The considerable spectral effect of i per cent Dispersol A strongly 
stiggests that the polyethylene oxide condensate forms a stable complex with 
the dye. It was thought that complex formation might be due to weak 
bonding between the dye and the oxygen atoms of the polyethylene oxide 
chmn. For this reason the spectral effect of the polyethylene glycols which 
contain a polyethylene oxide chain similar to that in the condensate was 
investigated. 

Thc-efiect of low concentrations (o to 0*5 per cent) of Dispersol A on the absorption 
spectrum of Direct Fast Oiange SE (7*5 mg /I) is complex The spectia have no iso^- 
uestic point and the spectral changes are not complete when the Dispersol A concen¬ 
tration attains 0*5 per cent As the Dispersol A concentration is increased from o to 
, subsidiary peak at about 5iom^ is at first enhanced and then decreases 
sugntly while the broad peak at about 420 itifi is steadily developed 
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Fig. 6. Absorption Spectra of Meta-Benzopurpurine 4B and Direct Fast 
Orange SE in Aqueous Polyethylene Glycol Solutions. 



Fig 5a, Meta-Bcnzopurpurme 4B» 
Dye 10 mg /I 
Polyethylene glycol 5% 

Kol Wt of glycol shown on each curve. 



Fig. 5b. Direct Fast Orange SE 
Dye 7*5 mg/I 
Polyethylene gJycol 5 % 

Mol. Wt of' glycol shown on each curve. 


(H) THE SPECTRAL EFFECT OF THE POLYETHYLENE GLYCOLS 

The maximum extinction coefficient of Benzopurpurine 4B in aqueous 
solution containing i per cent by weight of a polyethylene glycol steadily 
decreases with time during the week following the preparation of the solu¬ 
tion. This effect is greater with glycols of low molecular weight than with 
those of high molecular weight, and may be due to decomposition of the 
dye Meta-Benzopurpurme 4B behaves similarly, but Direct Fast Orange 
SE appears to be stable m the presence of the polyethylene glycols.* The 
absorption spectra described m this section were therefore measured immedi¬ 
ately after the preparation of the solutions 

The effect of a polyethylene glycol upon the absorption spectrum of 
Benzopurpurine 4B is similar to that of Dispersol A, but the magnitude 
of the effect depends upon the molecular weight of the glycol. This is seen 
from Fig. 4 which shows the absorption spectra of Benzopurpunne 4B 
(10 mg./I.) in solutions containing 5 per cent by weight of the polyethylene 
glycols 200, 1500 and 6000 respectively. The spectral peak of the dye is 
raised and displaced towards the red by each glycol, the displacement, 
however, is greater the greater the molecular weight of the glycol. This 
effect IS shown in greater detail by the following values of Ama^ for 10 mg./L 
Benzopurpurine 4B solutions containing 5 per cent of a polyethylene 
glycol. 

Mol wt of Glycol . . . . None 200 300 400 1500 4000 6000 

Aiaax(m/4) . 498 499 501 602 605 607 607 

The effects of the polyethylene glycols on the absorption spectra of 
meta-Benzopuipunne 4B and of Direct Fast Orange SE also depend upon 
the molecular weight of the glycol. Thus Fig. 5a shows that the spectral 
peak of meta-Benzopurpurme 4B (10 mg./I) is raised more, and displaced 


* A similar difficulty, confined to the two Benzopurpunnes, was encountered® when 
absorption spectra weie measured for aqueous dye solutions containing ethyl alcohol. 
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further towards the red, by 5 per cent, polyethylene glycol 4000 than by 
5 per cent, polyethylene glycol 200. Similarly as shown in Fig. 5b the 
spectral peak of Direct Fast Orange SE (7-5 mg./I.) is raised more by 5 
per cent, polyethylene glycol 4000 than by 5 per cent polyethylene glycol 
200, 



The spectral effect of the polyethylene glycols depends not only on 
the molecular weight of the glycol but also upon the concentration of the 
glycol in the aqueous dye solution. Thus Fig. 6 shows that 5 per cent, 
polyethylene glycol 6000 in an aqueous 10 mg./I. Benzopurpunne 4B 
solution has a greater effect than has i per cent, of glycol upon the 
spectrum of the dye. This contrasts with the spectral effect of Dispersol A, 
which IS the same whether the Dispersol A concentration is i per cent, or 
10 per cent The effects of the polyethylene glycols upon the absorption 
spectra of meta-Benzopurpurine 4B and Direct Fast Orange SE also depend 
on the glycol concentration, the effect being greater with 5 per cent, than 
with I per cent, glycol. 
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Fig. 7. Comparison of the Effects of 1% Dispersol A and 1% Polyethylene 
Glycol 6000 upon the Absorption Spectra of Meta-Benzopurpurine 4B and 
Direct Fast Orange SE. 



Fig. 7 a. Meta-Benzopurpurine 4 B. Fig. 7 b. Direct Fast Orange SE. 

(lo mg./l.) (7 5 mg./l.) 


It is of interest to compare the magnitude of the spectral effect of the 
polyethylene glycols with that of Dispersol A. Since the spectral effect of the 
glycol increases with the molecular weight, the effect of polyethylene glycol 
6000—^the glycol of highest molecular weight—^is compared in Fig. 6 with 
that of Dispersol A. This comparison is rather arbitrary in respect to con¬ 
centration since Dispersol A is an aqueous solution of the condensate whereas 
the glycol is anhydrous; the quantitative difference between the effects of 
the condensate and the glycol is therefore greater even than it appears when 
the comparison is based, as in Fig. 6, on equal concentrations (i per cent.; 
of Dispersol A and glycol. The figure shows that the absorption spectrum 
of Benzopurpunne 4B is displaced considerably more towards the red by 
I per cent. Dispersol A than by i per cent, or even by 5 per cent., of 
the polyethylene glycol 6000 

With meta-Benzopurpurine 4B (Fig. 7a) the contrast between the spectral 
effects of I per cent. Dispersol A and i per cent, polyethylene glycol 
6000 IS much less marked; both substances displace the spectral peak of the 
dye by about the same amount. Over the shorter wave-lengths, however, the 
spectrum of the dye is displaced more towards the red by the Dispersol A 
than by the glycol. With Direct Fast Orange SE (Fig. 7b) the contrast 
between the spectral effects of the Dispersol A and the polyethylene glycol 
6000 is most marked. Both substances increase the maximum extinction 
coefBcient of the*'dye and develop the secondary peak at about 515 ra/i, but 
whereas the polyethylene glycol has practically no effect on the wave¬ 
length of maximum absorption, Dispersol A displaces the entire spectrum 
towards the violet. Thus with each of these three dyes i per cent. Dispersol A 
has a greater effect than has i per cent, polyethylene glycol 6000. 

It has been shown that the presence of i per cent. Dispersol A in an 
aqueous 10 mg./l. Benzopurpurine 4B solution not only has a considerable 
effect upon the absorption spectrum of the dye, but also eliminates the 
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effect of sodium chloride (0 to 50 g./h) on the spectrum of the dye. The 
presence of i per cent polyethylene glycol 1540, however, m an aqueous 
10 mg /I Benzopurpunne 4B solution reduces but does not eliminate the 
spectral effect of 4 g. sodium chloride per litre. As shown by the following 
table, the maximum extinction coefficient of the dye decreases as the 
concentration of sodium chloride in the solution is increased. 

, NaCl (g /1) . . , 0 2 4 

WXlO-^ . .. 6*37 6 04 4 90 

, Similarly the effects of 4 g. sodium chloride per litre upon the absorption 
spectra of meta-Benzopurpurine 4B (10 mg./I) and of Direct Fast Orange 
SE (7 5 mg /I.) are reduced, but not eliminated, by the presence of i per 
cent, polyethylene glycol 1540 in the aqueous dye solutions. Thus i per cent, 
of a polyethylene glycol in the aqueous dye solution not only has a smaller 
effect than has i per cent, Dispersol A, on the absorption spectrum of the 
jdye, but unlike i per cent. Dispersol A, it does not elimifiate the spectral 
jeffect of sodium chloride. 

i DISCUSSION 

I It has been shown that the presence of only i per cent. Dispersol A 
in the aqueous dye solution has a considerable effect upon the absorption 
spectrum of the dye, the effect being similar, and approximately equal, ^to 
that of 25 per cent, pyridine Moreover when the dye solution contains 
I per cent. Dispersol A, sodium chloride has no appreciable effect upon 
the spectrum of an aggregating dye, a fact which shows that in the presence 
of Dispersol A the dye is not aggregated by salt. These results lead to the 
same conclusion as that previously reached by Valko'* from aqueous diffusion 
measurements with Chicago Blue 6B and the non-ionic polyethylene con¬ 
densate Peregal 0, namely, that polyethylene oxide condensates combine 
with certain azo dyes to form complexes. In order I0 explain the present 
results it is necessary to make the additional assumption that the complex 
between the dye and the condensate is not aggregated by sodium chloride 

It has also been shown (Fig, 3) that when the dye concentration is 
mamtained constant at 10 mg /I the absoiption spectra of Benzopurpunne 
4B in solutions containing from 0 to 0 5 per cent Dispersol A have an 
isosbestic point The existence of an isosbestic point shows that, in the 
presence of Dispersol A, the dye exists in solution as an equilibrium 
mixture of two forms. This conclusion not only supports the hypothesis of 
complex formation between the dye and the Dispersol A, but it also shows 
that an equilibnum exists between the dye, the Dispersol A, and the dye- 
Dispersol A complex (cf. Valko**). As the Dispersol A concentration is 
increased, more dye combines with the Dispersol A and the absorption 
spectrum approaches that of the complex alone.Since the absorption 
spectrum of the dye solution becomes independent of the Dispersol A con¬ 
centration when the latter exceeds 0-5 per cent, it follows that under these 
conditions practically all the dye has combined with the polyethylene oxide 
condensate. 

Benzopurpunne 4B is a weak base and behaves as an acid-base indicator. 
A dilute solution of the dye changes in colour from orange-red to violet-blue 

* An attempt was made to calculate the relative proportions of free dye and dye- 
Dispersol A complex from the spectra shown in Fig. 3 It was found, however, that the 
spectra could not be exactly resolved into a combination of the two limiting spectra 
corresponding to Dispersol A concentrations of o and i per cent respectively. This may be 
due to the fact that Dispersol A is heterogeneous m respect to the length of the polyethylene 
oxide chain 
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as the pH is lowered from 5 to 1*5* The blue solution of Benzopuipurine 
4B (10 mgjh) in o-oiN hydrochloric add, but not that in o»in acid, 
changes to red on the addition of Dispersol A equivalent to i per cent, by 
volume. It has been confirmed by measurements with the glass electrode 
that the change in colour on the addition of the Dispersol A to the q-oin 
acid solution is not accompanied by any change in pH. This behaviour 
provides further evidence of interaction between the dye and the polyethylene 
oxide condensate. It would be explained by the formation of a complex of 
lower basic strength than the free dye. No quantitative study has been made 
of the spectra of the dye in acid solutions because these solutions are not 
stable, showing a variety of ageing effects. The well-known acid-base 
indicator Congo Red (Colour Index 370) has the same constitution as 
Benzopurpurine 4B except that the benzidine nucleus in the former is 
replaced by the tolidine nucleus in the latter. The transition interval of 
Congo Red is sharper than that of Benzopurpurine 4B, namely, about pH 5 
(red) to pH 3 (blue ) The blue solution of Congo Red in o»ooin hydro¬ 
chloric acid, but not that in o^oiN acid, changes to red without pH change 
on the addition of i per cent. Dispersol A.‘ Simon and Taylor^ observed 
that a large effect was produced by a polyethylene oxide condensate on the 
relation between the colour and the pH of a solution of Diamine Fast Red F. 

The effect of the polyethylene glycols upon the absorption spectra of the 
dyes is similar to that of Dispersol A. The magnitude of the spectral effect, 
however, depends upon the molecular weight of the glycol, and even with 
the glycol of highest molecular weight it is smaller than that of Dispersol A 
at comparable concentrations. Moreover the spectral effect of the condensate, 
unlike that of the glycol, reaches its maximum at a very low concentration. 
These results therefore lead to the conclusion that the glycol may form a 
complex with the dye but that the dye-glycol complex is less stable than 
the dye-condensate complex; i c. a much higher relative concentration of 
glycol than of condensate is required to convert all the dye into a complex. 

This difference between the polyethylene oxide condensates and the 
polyethylene glycols is probably due to the fact that in the condensate, but 
not in the glycol, a hydrophobic end group—^the hydrocarbon radical—^is 
attached to the hydrophilic polyethylene oxide chain. Gonick and McBam^ 
have shown that non-ionic polyethylene oxide condensates similar to Dispersol 
A exist as micelles in aqueous solution. The hydrophobic hydrocarbon 
radicals are probably near the centre of the micelle and the hydrophilic 
polyethylene oxide chains near the surface. Hence if a dye molecule becomes 
attached to an ether oxygen atom (or a terminal hydroxyl group) of a poly¬ 
ethylene oxide chain, it may become entangled and firmly held in the 
hydrophilic fringe of the micelle. It is possible, for example, that the dye 
molecule may become attached to two ether oxygen atoms, each in different 
polyethylene oxide chains, and favourably situated in the same micelle 
An alternative view is that the conditions are such as to furnish a con¬ 
centration of polyethylene oxide chains much higher in the vicinity of the 
dye molecule than would be calculated from the overall concentration of 
the condensate m solution 

The polyethylene glycols have no large hydrophobic groups, but contain 
hydrophilic groups (ether oxygen atoms) distributed^ along the whole length 
of their molecules. There is no evidence that the glycols form micelles in 
aqueous solution and it seems unlikely that they would Hence the chance 
of two polyethylene oxide chains being favourably situated for bridging by a 
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dye molecule might be much smaller in a solution of the glycol than in a 
comparable solution of the condensate, alternatively, the attachment of the 
dye molecule in the formation of a dye-glycol complex must occur under 
conditions that do not provide a high local concentration of polyethylene 
oxide chains. Thus, on this hypothesis, the difference between the stabilities 
of the dye-condensate complex and the dye-glycol complex is attributed 
to the micellar structure of the condensate. 

EXPERIMENTAL DETAILS AND RESULTS 

The punfication of the dyes and details of the spectrophotometric measure¬ 
ments have been given in the previous paper.® 

Spectral Effect of Dispersol A 

A definite percentage by volume of Dispersol A was added to the aqueous 
dye solutions. When the dye solution contained i per cent. Dispersol A, 
the dye was not precipitated by sodium chloride of relatively high concentra¬ 
tion. Thus Benzopurpurine 4B is precipitated from an aqueous 10 mg./I. 
solution by the addition of aboiit 6 g. sodium chloride per litre When the 
dye solution contains i per cent, by volume of Dispersol A, however, the 
dye IS not precipitated from solution by the addition of 50 g. salt per litre. 
Direct Fast Orange SE behaves similarly. In this additional respect the 
action of Dispersol A resembles that of pyndme. 

It has been stated that the absorption spectra of Direct Fast Orange SE 
(7*5 mg,/I.) and of Naphthalene Orange 2G (10 mg./I.) in solutions con¬ 
taining Dispersol A alter slightly^ as the Dispersol A concentration is increased 
from 0^5 to 5 per cent. This is shown in the following table by the values 
valuGS for cacli of the two peaks of Direct Fast Orange 

SE are given. 

Table I 





% Dispersol A (by volume) 


Dye 








0 

06 

1 

2 

5 



f SoiaxXlO-* 

6 67 

6 72 

6 79 

6*81 

6 84 

Direct Fast Orange J 

1 ^ina3c(m/<4) 

1 ^max X 10"* 

495 

493 

485 

484 

484 

SE (7’5 mg /],) ^ 

(6 2) 

6 88 

6 80 

6 80 

6 77 


(620) 

605 

605 

605 

604 

Naphthalene Orange J 

^maxXlO"* 

2*36 

2'08 

1-98 

_ 

1*91 

2 G (10 mg./l) i 

L ^niax(m/i) 

484 

485 

486 

— 

485 


Spectral EjSect of the Polyethylene Glycols 

The maximum optical density of a 10 mg /I. Benzopurpunne 4B solution 
containing i per cent, polyethylene glycol decreases with time; the rate 
of the decrease being greater with glycols of low molecular weight than with 
those of high molecular weight. This is shown in Table II by the maximum 
optical densities of Benzopurpurine 4B solutions (10 mg./I.) containing 5 
per cent, polyethylene glycol and measured one hour and one day after 
preparation. 


Table II 


1 

Mol Wt. of 
Polyethylene 
glycol:— 

200 

300 

400 

4000 

6000 

ri hour 
\ 1 day 

0-728 

0-693 

0-730 

0-680 

0-736 

0-721 

0-744 

0-746 

0-740 

0-741 
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As previously stated, the effect of a polyethylene glycol on the absorption 
spectrum of each dye is greater the greater the molecular weight of the 
glycol. The appropriate data for Benzopurpurine 4B, meta-Benzopurpurine 
4B, and Direct Fast Orange SE are given in Table III. Since the spectral 
peaks of the Benzopuipunnes are raised and displaced towards the red by 
the polyethylene glycols, both the values of and for these dyes are 
given. The spectral peak of Direct Fast Orange SE, however, is not displaced 
by the polyethylene glycols; their effect is rather to develop the secondary 
peak at about 515 m/x. Consequently only the values of the extinction 
coefficient at 515 rap are given for this dye. 

Table III 


Benzopurptmne 4:B (10 mg /I.) Polyethylene glycol 1%, 


• 

Aqueous 

solution 

Mol Wt of glycol 
.... 


200 

400 

1600 

4000 

6000 

AbkIih/j) 

Em^XlO-* 

498 

5 12 

499 

5 16 ! 

600 

6 24 

602 

6 27 

604 

6-30 

604 

6*30 


Mela-Benzopuvpuyine 4B, (10 mg./l.) Polyethylene glycol. 1%. 



Aqueous 

solution 

Mol. Wt. of gl 

i 

ycol 

200 

400 

1000 

4000 6000 

^m»*(Ul/t) ... ... 

EmasXlO** 

478 

3-72 

478 

3*78 

477 

3*79 

482 

3 86 

484 485 

3-99 4-02 


Direct Fast Orange SF (7*5 mg /I) Polyethylene glycol 1 %. 



Aqueous 

solution 


Mol. 

Wt. of gl 

ycol 



200 

300 

1600 

4000 

6000 

8at616m/« .. 

6 29 

6 35 

6 41 

6 41 

6 49 

6 56 


Some of the experimental work was done by Mr. A. W. Titley. 
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, 41 —STATIC ELECTRIFICATION IN THE PROCESSING OF 
FIBRES ; VARIATION WITH MOISTURE REGAIN 
DURING CARDING 

By J. F. Keggin, G. Morris and A. M. Yuill 

{Co^ynghi by the Textile Institute) 

StJMMARY 

A simple expenmental technique is described by which the electrostatic 
charge generated by a fibre during processing can be measured. This has 
been applied to eight typical fibres in their passage through a cotton flat 
carding engine. 

Figures are given for the over-all charge measured on the sliver for 
cotton, viscose, flax, cellulose acetate, wool, casein, Ardil and nylon at 
various moisture levels. The fibres divide into two groups. For wool, 
casein, Ardil, nylon and cellulose acetate the charge increases with decreas¬ 
ing regain until at levels corresponding roughly to the moisture take-up of 
the fibres at 60-70 per cent R.H the static electrification tends to reach a 
steady value of the same order for all five fibres For the cellulose fibres 
cotton, flax and viscose, the charges developed are much lower than for the 
protein fibres. The charge again increases with decreasing regain, but a 
constant level is not reached. 

The cellulose fibres tend to be negatively charged, whilst the charge tends 
to be positive for the "protein*' type fibres. 

It IS shown that the behaviour of these fibres can bo explained on the 
assumption that the quantity of charge generated is independent of the 
regain of the fibre, and of the same order for all eight fibres. As the 
regain of the fibre is increased, the proportion of this charge which is lost 
to the machine between the fibre leaving the cylinder and reaching the sliver 
increases, so that the nett charge carried away by the fibre decreases with 
increasing regain By the use of resistance-regain relations, specially deter¬ 
mined for this investigation, the electnfication curves can be calculated with 
one fitted constant There is reason to believe that the capacitance per unit 
length of fibres for wool, nylon, Ardil and acetate is independent of regain, 
but that the capacitance of the cellulosic fibres increases rapidly with increas¬ 
ing moisture regain. 


INTRODUCTION 

Although the electrification of fibres (now commonly referred to as 
"static") IS one of the important factors in textile processing about which 
much superficial knowledge has been gathered, very little work has been 
done on the quantitative measurement of the charges generated 

With the development of new fibres, the need for more exact information 
has become urgent, for in the evaluation of these fibres on textile machinery, 
it is usually not easy to analyse difficulties, and static electrification tends 
to be introduced in many cases as a convenient explanation Also, in the 
development of anti-static agents and devices, a quantitative method of 
measurement is of paramount importance. 

This paper describes such a method and gives the results of a prelimin¬ 
ary study of the electnfication acquired dunng the carding of some of the 
more common fibres A mechanism of control of the charge by leakage is 
suggested It must be emphasised that the work is purely exploratory and 
that no high accuracy is claimed. 
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APPARATUS 

The static electrification produced on fibres during processing is extremely 
difiScult to remove owing to the high lesistancc of the mass of fibres. Here 
the small area of contact from fibre to fibre undoubtedly plays an important 
part* If, howevei, electrically charged fibres are placed inside an insulated 
metal container or Faraday cylinder, a charge, equal to the nett charge on 
the fibres, will be induced on the outside of the container If the capacitance 
of the system is known, measurement of the voltage generated on the con¬ 
tainer system will give a measure of the over-all charge on the fibre mass. 



This system was adopted, the arrangement being shown in Figure i. 
The Faraday cylinder consisted of a two gallon galvanised bucket, insulated 
by standing on a block of paraffin wax approximately 2 m. thick. The 
cylinder was connected to a calibrated condenser, the capacitance of which 
could be varied from i-o to o-oi ^F to give suitable voltages for measure¬ 
ment, and the voltage was determined using a backed off transconductance 
valve voltmeter employing an electrometer tnode 

EXPERIMENTAL PROCEDURE 

In practice the fibre was allowed to fall into the Faraday cylinder and 
the voltage was read. After a number of preliminary experiments with 
different types of fibre handling machinery, a revolving flat cotton carding 
engine was chosen as the most suitable machine for these tests The sliver 
from this machine, after passing through the calender rolls, fell straight 
into the Faraday cylinder instead of being led into the sliver can At a 
convenient voltage reading the sliver was broken off and the amount 
collected in the cylinder was weighed. Tests showed that, for given conditions, 
the charge carried by the sliver into the Faraday cylinder was proportional 
to the weight of the sliver, and the charge wag accordingly expressed as 
microcoulombs per gram of fibre 

The charge generated by any other machine could be deteimmed in the 
same way, preferably by letting a sufficient amount of fibre fall freely into 
the cylinder. Where the charge to be measured is small, however, con- 
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densers of smaller capacitance must be used, and special precautions taken 
against accidental leaks This might not always be easy m a factory m 
normal production 

The revolving flat cotton carding engine used was of standard type 
made by Messrs Howard & Bullough, Ltd., 45 in wide with the main 
cylinder 50^ in. in diameter. The speeds were*—cylinder 160^ r.p.m., 
taker-m 365 r.p m., and doffer 5 r.p m. The clearance settings were*.^ 
taker-in to cylinder 0*007 m , flats to cylinder 0 012 in, and doffer to 
cylinder 0 007 in These settings were used unchanged for all the fibres 
tested 

The moisture regains of the fibres wcic controlled by varying the relative 
humidity of the room containing the card. I'his was normally controlled 
to be 65 per cent at 70® F. As there was no refrigerating or dehydrating 
mechanism in the controlling system, however, it was necessary, m order 
to obtain low humidities, to raise the temperature of the room—^for 18 5 
per cent R H. the room temperature was raised to 95° F For humidities 
higher than 65 per cent., the temperature was roughly constant at 70°F , 
as these high humidities were within the capacity of the water sprays on 
the control system, although for 95 per cent R H. some help from an open 
steam ]et was required. 

The fibres, in the form of laps, were conditioned overnight, i e for a 
period of 18 to 20 hours, and were then run on the card For each run 
moisture determinations were made on duplicate samples taken from the 
silver dunng the static electrification determinations, and it is on these 
moisture values, and not on the relative humidity levels necessary to obtain 
them, that discussion is based The laps were prepared on a normal scutcher 
and were conditioned in the roll form. It is reasonable to suppose that at 
least the outer layer (say J in thick) would be fairly uniformly conditioned 
by the overmght exposure to the chosen relative humidity, and runs were 
kept short so that in each case only this outer layer was used. Variations 
in moisture regain were, in many cases, easily observed by changes in the 
static readings. In three cases, for cotton and viscose with around 2 per 
cent, moisture, tested at 18*5 per cent R.H , the fibre had been dried m 
an oven and was not in equilibrium with the atmosphere These readings 
were taken in an attempt to raise the level of static electrification for these 
cellulose fibres to that of the protein fibres 

Eight types of fibre were used, particulars being as follows — 

Cotton:—ijin. staple Peruvian 

Flax:—Irish, cut to m. staple. 

Viscose:—^Standard bright Fibro, i-k m staple, crimped, 3 deniei 
(diameter 18 jj) 

Wool.—^60's Merino, cut top, ij- in staple. 

Ardil —in staple, made from ground nut protein at Ardeer, 3 5 
denier (diameter 25 //) 

Casein*—in. staple, made from casein at Ardeer, 5*5 denier 
(diameter 25 p) 

Acetate —in staple, delustred and enmped, 2*4 denier 

Nylon.— 1 ‘To in. staple, delustred and crimped, 3 2 denier (diameter 

21 p). 

These fibres were used as received and should be representative of com¬ 
mercial products 
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Table I 


JVfatenal 


Moisture 

gm /lOO gm dry fibre 


Acetate 


log charge 

Sign 

if£ 

of 

gm 

Charge 

5-36 


3-24 

— 

5-67 

— 

1-77 


^•S4 


S42 

— 

5-62 

+ 

i-42 

4 * 

isi 


1-20 

— 

g-40 


g*60 


3-68 


5-18 

— 

5*94 

+ 

i-32 


3-63 

+ 

S-63 


7’08 


3-40 

+ 

3-83 


3-67 


3 66 


3-69 


3 63 


3-43 


5-08 

+ 

3'04 

‘h 

g'60 


^28 


i-93 


3-34 

— 

3 04 


3'12 

— 

3 97 


3-00 


3-01 

— 

3 23 

— 

8-06 


4-60 

— 

8 92 

+ 

3 91 

+ 

3 93 

-h 

a-60 

4 - 

3*89 


Trio 

— 

i'49 

— 

0-67 

— 

3 07 

-h 

311 

— 

3-04 


3*88 

•f 


1 _ 

8*69 

4- 

4-64 

+ 

5*76 

+ 

2*16 

+ 

2-40 

+ 

% 16 

+ 

46 

+ 

1*46 

+ 

2*04 

+ 

2*30 

4- 

2 11 

4- 

4*43 

4- 

5*60 



Workability 


Unworkable 


Unworkabl<i 


Unworkable 


Unworkable 


^ Good 
\ Unworkable 


Good 
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Each type of fibre was run through the card in turn at each humidity 
level. The card was run empty for 30 minutes and the cylinder doffer and 
flat wires were cleaned after each kind of fibre. During each run, several 
measurements of charge were made for vanous weights of fibre, and the 
mean result taken, expressed as microcoulombs per gram of fibre. At the 
same time, two samples of sliver were collected in weighing bottles and the 
regain was found from the loss in weight after heating for two hours at 
110° C. expressed as a percentage of the dry weight The mean of these 



Electrostatic charge on fibres after carding at varying moisture regains 
• Ardil Acetate A Casein O Cotton □ Flax )i( Nylon, x Viscose AWool 

Full lines calculated from ■K’=i2[logio<3o“^o§fio0] (G Go m microcoulombs 
per gram, R in megohm cm) 

Values used Wool Ardil, Nylon. Acetate 

K 2 90 1‘58 2 53 3 20 

logioGo 2*30 203 2 65 ‘'§■40 

Dotted lines aie diawn through expeumeulal points. 
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two values was taken as the regain,* The sign of the charge was evident 
from the direction of the deflection. The experimental results obtained 
are set out in Table I and are plotted in Figure 2, 

Kffect of Static Electrification on the Carding of Fibres 

In each experiment the running of the machine was rated by an 
experienced cotton operative with regard to the behaviour and ease- of 
handling of the web. In certain cases, where the electrification was severe, 
it was still possible to form a good web and condense it to sliver even though 
the sliver tended to cling to the machine. Column 5 in Table I gives these 
results, where the charge level for a good web is indicated. Cotton and 
nylon formed good webs, even with relatively high electrostatic charges; 
flax was very poor. 

The case of cotton was particularly interesting. The very low regains 
of around 2 per cent, were obtained by heating the lap overnight at 130° C. 
At this low moisture regain in an atmosphere of 18-5 per cent R.H. and 
93° F. the electnfication wa? considerable, but in spite of this, the web 
could be readily collected and the sliver led away in spite of a tendency to 
stick to the rolls. 

It would appear that the controllmg factor in the formation of the web 
is enmp—^the cotton, nylon and acetate fibres used were highly crimped 
and tended to give a strong web, whilst the straight flax fibre was almost 
unworkable, even at relatively low levels of electnfication. The crimp of 
the other fibres fell between these extremes. 

In the case of nylon the cylinder wires tended to fill up and choke. 
This was thought to be due to the very high degree of crimp on this fibre— 
30 to the inch. 

Sign of Charge (See Table I.) 

For relatively high regains, when the charge on the fibre was very low, 
the sign of the charge for any material appeared to be uncertain and to 
vary from positive to negative for consecutive runs, or even to change 
during a single run. When strong electrification occurred, however, at 
lower regain, the sign of the charge was quite defimte except in the case 
of flax, Ardil and casein where an inversion occurred. 

In these experiments, of course, only the nett charge on the sliver was 
determined, and there was no certainty that all parts of the sliver had the 
same sign of charge. 

For strong electrification the fibres fell into two groups—the cellulose 
fibres, viscose, cotton, flax and cellulose acetate, which tended to be nega¬ 
tively charged, and the protein fibres, wool, casein, and perhaps Ardil, 
which, together with nylon, tended to be positively charged. It was not 
certain if this was a general rule, as further experiments gave indications that 
protein fibres might, in some circumstances, become negatively charged If, 
however, there was a general tendency for fibres m these two groups to 
develop charges of opposite sign, this would have an important beanng on 
the processing of mixtures of fibres from the two groups, say, viscose and 
nylon. 

VARIATION OF ELECTROSTATIC CHARGE WITH REGAIN 
OF THE FIBRE 

The results in Table I are shown graphically in Figure 2, in which the 
charge in microcoulombs per gram of sliver is plotted against the regain. 

For wool, Ardil, casein, cellulose acetate and nylon, the charge increases 
at first with decreasing regain, but for the lower regains the curve flattens 

♦ Refer BS 1051 ; 1942 ; 
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and the charge tends to assume a steady value. There is in all these 
turves a change of slope which occurs for each fibre at a moisture level 
roughly corresponding to its normal moisture of condition at around 
60-70 per cent. R.H The constant value reached by the charge on these 
five fibres is of the same order, lying between o-oi and o-o8 microcoulombs 
per gram of fibre, while the total range of charges is about ten thousand 
limes for the whole curve. 

In contrast to this, the curves for the cellulose fibres, cotton, flax and 
viscose, form a group which shows no such inflexion. Here the points he 
roughly on straight lines, even for values of moisture regain very much 
below the normal moisture regain at 60-70 per cent R H, In the case 
of cotton and viscose the curves are still straight lines at regains of 2 per 
cent, compared with normal moisture regains of around 7 per cent, and ii 
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Variation of resistance 


3 

of yarns with moisture regain. 


per cent, respectively at 60-70 per cent. R.H Only at this low regain do 
the charges on the cellulose fibres reach the steady values for the ''protein " 
group. 

It was not possible, during these experiment?, to do trials on cellulose 
fibres at regains below 2 per cent., so that the important question as to 
whether cellulose fibres actually did generate higher charges than the 
"protein'' group remains unsettled, as does the problem as to whether 
the curves for these fibres flatten at higher static values. 

A Suggested Mechanism GontroUing the Charge acquired by a Sliver 

The fact that the maximum charge, generated at very low regains, is 
of the same order for five different fibres suggests that it is not dependent | 

on the nature of the fibre, but on the process—carding—or possibly on the | 

machine, t,e the card. On this supposition, so violent is the treatment of I 
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the fibres in the card that the maximum pobsible charge for the procesh 
is always generated on them, independent of their regain. 

The fact that, at higher regains, the fibres leaving the machine have 
smaller charges, does not necessarily imply that smaller charges have 
been generated. Exactly the same behaviour would be observed if the 
charge generated were constant, but the quantity of charge which leaks 
away during the carrying of the fibre on to the doffer and from the doffer 
to the diver can varies with the regain. 

Now the rate of loss of charge will depend primarily on the electrical 
resistance of the fibre, and this may be c.vpeeted to decrease as the regain 
of the fibre is increased. • 

It IS, of course, the resistance, both axial and transveisc, of single 
fibres which controls the leakage of charge duiing the passage through the 
carding engine. The direct mea.surement of such a resistance would bo a 
very difficult experiment, but the resistance of a 5?arn corresponding to an 
assembly of very large numbers of fibres should be pioportional to the 
individual fibre resistance. Measurements of the resistance of lengths of 
yams, made from the same matenals as were used in the electrification 
tests, have been made. 

The experimental metliods used arc described in the Appendix, and the 
results are plotted in Figure 3 which shows that the resistance decreases 
approximately exponentially with increase of regain The tests were made 
at a fixed potential diffeience of 18 volts. No attempt was made to 
investigate the variation of resistance with applied voltage, as the voltage 
appropnatc to leak conditions in the cotton card Is not known The results 
obtained in the o.xpcriments of the Appendix wcic intended purely to deter¬ 
mine a resistance proportional to that controlling the leak of charge from a 
fibre during carding and therefore contain an unknown constant of pro¬ 
portionality. It was, for this reason, decided in this prcliminaiy study to 
restrict these tests to the limiting range of test conditions described in the 
Appendix. 

Using these results to determine constants in the normal leakage 
equation, it is possible to calculate curves relating charge and moisture 
regain for comparison with the experimental results. 

For an element of capacitance C and leak resistance R, if the total time 
for which leakage takes place is f, then the relation between final charge Q 
and initial charge Qo is 

log^Q^log^Qo-t/CR .(i) 


Now C, t and R are unknown, but it is reasonable to assume that t is pro¬ 
portional to the lime T taken by the fibre to pass by way of the doffer from 
the cylinder to the sliver can, and the resistance R will bo proportional to the 
3^m lesistance R given in Figure 3. Then equation (i) can be written 

logio<?=logio(3o- . 

O. uJti 

where a and h are constants of proportionality 


....(2) 


which gives a relation (logi(,Qo-logi„(3)2?» constant=K .(3) 

K was evaluated from the expenmental points for wool, Ardil, cellulose 
acetate and nylon and found to be constant for each fibre within the accuracy 
of measurement. The mean value of K was then used in equation (3) to 
calculate the full curves in Figure 2. 
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The fit of these calculated curves with the experimental points shows 
that the proposed explanation of the control of charge by leakage during 
the carding of fibres is in agreement with the available experimental facts in 
the case of wool, Ardil, cellulose acetate and nylon. 

In the carding experiments T was kept constant so that, fiom equation 
(2), it would appear that the capacitance C of the protein” group of 
fibres IS not appreciably changed by variation of regain. 



Fig. 4 . 

i/K against moisture regam. 

When the same procedure is apphed-to the data for cotton, viscose and 
flax, no satisfactory fit can be obtained. The calculabon is made less easy 
as a '^maximum” charge is not obtained by experiment, but by extra¬ 
polation It is found that S(logioQo-logioQ) decreases continuously as the 
moisture regain increases; (the reciprocals of llie calculated values are plotted 
in Figure 4). This variation would be found if the capacitance increased 
with increasing regain. 
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’ It may be noted that there is a critical leak resistance above which the 
charge lost by the fibre in passing from the cylinder to the sliver can will be 
insignificant. This resistance can be estimated on Figure 3 by determining 
on Figure 2 the regain at which the drop in charge rate first becomes 
apparent. These values are marked on Figure 3 by a vertical bar, and it 
will be seen that the four protein type fibres group together at a value of 
about 8x10® ohm.sq.cm./cm. The three cellulose fibres, cotton, flax and 
viscose, do not reach a limiting charge, even at regains as low as 2 per 
cent., but it reasonable to assume that such a liimting charge would be 
reached if it is a function of the carding process and not of the fibre, pro¬ 
vided that a sufficiently low regain could be obtained. The curves of 
Figure 2 for cotton, viscose and flax have been extrapolated to a value of 
charge of o-oi8 miciocoulombs per gram and the regains corresponding to 
this level are marked again with a vertical bar m Figure 3 All these resistance 
values are of the same order, 10® ohm sq.cm./cm , which is much higher 
than that for the protein type. 

DISCUSSION 

(fl) Electrical resistance of yarns. The straight hnes for nylon, acetate, 
Ardil and wool in Figure 3 are roughly parallel and are spaced along the 
moisture axis at distances roughly proportional to the moisture take-up of 
the fibres at normal relative humidities, as obtained from the known moisture 
relations of these fibres. Thus yarns of these four materials have roughly 
equal resistances at any given relative humidity over a considerable humidity 
range. This result is of considerable interest, as the fibre matenals of nylon, 
acetate, Ardil and wool differ considerably, and indicates the great influence 
of the adsorbed water on the resistance of yarns. 

Yams of the three cellulose fibres, cotton, flax and viscose, form a 
similar grouping displaced along the moisture axis. 

(&) Level of electrostatic charge. It has already been pointed out that 
the results in Table I and Figure 2 show that for nylon, acetate, Ardil, 
casein and wool, the charge measured on the sliver increases as the regain 
decreases until at moisture levels corresponding roughly to the moisture 
take-up of the fibres at 60-70 per cent. R.H., the static electnfication tends 
to reach a steady value, roughly the same for all five fibres. Thus for these 
fibres zt is to be expected that electnfication would be present in carding up 
to 60-70 per cent. R.H., but that at higher humidity levels it would decrease 
very rapidly. 

The cellulose fibres, cotton, flax and viscose, will normally develop con¬ 
siderably less static electrification than the protein fibres. At regains foi 
these fibres corresponding to a relative humidity of 60-70 per cent., the 
charges developed are of the order of 5x10“® microcoulombs per gram, 
compared with a figure of roughly 5x10““ for the “protein” group—a 
difference of one thousand times. Not until the regains have reached a level 
corresponding to very low relative humidities of less than 10 per cent, do 
the charges on these cellulose fibres equal those developed on the protein 
fibres at 60-70 per cent, R.H It still remains to be proved whether the 
charge on cellulose fibres reaches a constant level at a sufficiently low regam. 

It has been shown that, for the protein fibres, the experimental results 
for the variation of charge with regain are explained if the initial charge 
level is constant, independent of the regain, and the resistance of the fibre 
vanes with the moisture Whether the initial charge level varies with the 
machine still remains to be proved. 
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The observation that the fibres tested divide into two distinct groups, and 
that the charge on the sliver is controlled by the regain of the fibre, indicates 
that the amount and nature of the adsorption of moisture by fibres is 
possibly of more importance as regards static electrification than the chemical 
constitution* 

It is hoped to apply this technique to the study of the effectiveness of 
anti-static agents 

It must be stressed again that this work is exploratory, dealing only 
with sliver from a cotton card, and that more detailed studies are necessary 
before further progress can be made. 

The authors wish to acknowledge the assistance received from Mr. F. 
Dyke, whose practical experience of carding was essential in the carrying’ 
out of this work. 

APPENDIX 

The measurement of the Variation of the Resistance of Fibres with varying 
Moisture Regain 

The measurement of the resistances of fibres at low moisture regains 
presents considerable experimental difficulty as the order of resistance to be 
measured may reach lo^® ohms This could be reduced by the use of short 
lengths or large diameters, but this expedient results in grave uncertainty 
in the corrections for the effects of the necessary metallic end clamps 



The apparatus used is shown diagrammatically in Figuie 5 Rovings of 
the fibres were prepared and twisted to about 3 twists per inch by hand, to 
give coarse yarns Details of these yarns are given in Table II A glass 
tube, 9 in. long and 3 5 in. diameter, was closed at both ends with stoppers 
through which brass rods were passed The yams were held under slight 
tension by pairs of these rods, being fixed by chucks attached to the ends of 
the rods. The length of the yarns m the tube was about 4 m. To prevent 
leakage the internal and external surfaces of the tube and stoppers were 
coated with paraffin wax, a small clear window only being left for observa¬ 
tion purposes. A small tube through each stopper allowed air to pass over 
the yams By means of a water pump, air was sucked slowly through two 
bubblers containing aqueous glycenne solutions, then through a third bottle 
containing glass wool as a spray catcher, to the tube containing the yams, 
after which the air passed through a vessel containing specimens of the 
fibres in weighing bottles, then through another bubbler containing glycenne 
solution to the pump. The humidity of the air passing over the yams was 
controlled by the proportions of the water-glycerine mixtures, which were 
the same in all three bubblers for each reading 

The resistances were measured by determining the rate of leakage of a 
condenser, the terminals of which were attached to the rods holding the 
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yams, each yam being measured in turn The air condenser of 1,000 ju/xF 
had a Lindemann electrometer permanently connected across its terminals. 
To make a reading the condenser was charged to 18 volts with a battery, 
and the time taken for a fall in voltage of 11 4 volts was measured with a 
stop watch. This time was of the order of 40 seconds The natural Ipak of 
the apparatus was also determined for each set of readings by attaching the 
leads of the condenser to a pair of dummy leads through the stoppers, which 
were not connected by a yarn. The difference between the two rates of 
leakage enabled the conductivity of the yam to be calculated. 

To ensure that the yams were in equihbrium with the air at each humidity 
level, readings were taken at intervals until a steady value was reached, 
when all seven conductivities were determined. The time taken to attain 
equilibnum was of the order of eight hours Determinations were made with 
increasing relative humidities, so that the fibres would be under conditions 
of absorption in all cases. Experiment showed that it was necessary to 
made to control the temperature, but the room temperature was reasonably 
made to control the temperature, but the room temperatiue was reasonably 
constant at around 20° C. 


Table H 

Resistance of yarns at varying moisture regain 


1 

Matenal 

1 

Cross Section 
(sq cm) 

(A) 

Length 

(cm) 

(1) 

S, (ohms) 

Acetate 

4 1 X 10-» 

12 7 

% Moisture 
logio {RAIl) 

.3 7 

7 77 

41 

7 64 

5 4 
7-26 

78 

6 74 



Ardil 


14 2 

j % Moisture 
log,, (J?/I/l) 

8-6 

7 57 

9 1 
7‘37 

10 4 

7 19 

11-0 

6-76 

13-8 

5-88 


Cotton 

4*6 X 10'3 

110 

1 % Moisture 
logio (RAjl) 

4‘7 

7 79 

5 2 
7‘46 

5-6 

7-21 

65 

6 65 

6 9 
6-23 

91 

5 31 

Flax 

7 0 X 10*3 

123 

1 % Moisture 
log,, (RAjl) 

6-8 

7 83 

7*3 

7*54 

7-8 

7-24 

90 

6 53 

9 5 
6-11 

11 7 
6-26 

Nylon 

1 9 X 10*3 

il-O" 

% Moisture 
log,, (RAjl) 

1 8 

7 71 

23 

7-54 

2-7 

7 52 

3-6 

7 32 

37 

7 07 

48 

6 70 

Viscose 

1 6 X 10*3 

10 8 

% Moisture 
log,, (JtAll) 

88 

7 53 

9-9 

7-44 

10 3 
7-25 

11 6 
7-02 

12 4 

6 67 

16 9 

5 56 

Wool 

2 8 X 10*3 

10’7 

% Moisture 
log,, [RAjl) 

0‘5 

7*98 

10*6 

7 83 

12 3 

7 72 

13 0 

7 35 

37 1 

6 50 



The actual values of relative humidity were not determined, as it was 
considered that figures for the moisture regain of the yarns were of more 
value. These were determined on the samples of the seven fibres which 
were contamed in open weighing bottles in the desiccator. Fresh samples 
were placed m these bottles at the beginning of each run, and at the end, 
after equihbnum of both resistance and regain had been attained and the 
conductivity readings taken, the vessel was quickly opened and the lids 
placed on the bottles, which were then quickly weighed and the regain 
found from the loss in weight after healing for four hours at 110° C. in an 
air oven. 

The expression of the resistance of a matenal in the form of fine fila¬ 
ments of relatively short (c. i 5 in.) staple length twisted into a coarse yarn 
of 10 cm, length is not simple. As, however, the filaments for all materials 
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were of roughly the same length and of the same order of diameter, it was 
considered that comparative figures could be obtained by weighing the 
yarns, and from the known density of the matenal, calculating the equivalent 
cross sections of the yam, all at a relative humidity of 65 per cent. 
The resistances were then expressed as ohms resistance per centimetre length 
for one square centimetre of cross sectional area. This, of course, neglects 
the difficult question of the area of contact between short filaments, especially 
when these filaments may be of varying cross sectional shape from the 
irregulanties of cotton, viscose, and cellulose acetate to the smooth circular 
form of Ardil and nylon. 

The results are given in Table II and are shown graphically m Figure 3, 
where the percentage moisture regain is plotted agamst the logarithm of the 
resistance in ohms per cm length for i sq. cm. of cross sectional area. 

For each yarn the points he roughly on a straight line, the resistance, of 
course, increasing with decreasing moisture regain. These Imes are in the 
same order, and have much the same spacing, as the static electnfication 
curves in Figure 2. 

The only comparable figures for the resistance of yarns found m the 
literature were for wool and cotton (i), (2) and (3). The values given are in 
satisfactory agreement with those found in this work. 
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43—THE FINE STRUCTURE OF SISAL FIBRES 
By R. D. Preston and Mavis Middlebrook 

{Co^ynght by ike Textile Institute) 

Introductioa 

The interest of this laboratory has, for almost twenty years, largely 
centred on the molecular organisation of plant cell walls, and recently the 
opportunity was taken of examining sisal fibres, provided through the 
courtesy of Dr. P. Wilson, late of the Department of Textile Industries. 
While this investigation was undertaken primarily because this fibre 
presents points of particular botanical interest, these very peculiarities have 
enabled the presentation of an unusually clear picture of the architecture of 
the adult fibre. It is the purpose of this paper to describe briefly the struc¬ 
ture thus revealed, in the hope it will prove of interest to fibre technologists 
not only as it applies to sisal itself, but also as it probably reflects the 
structure of native cellulose fibres generally. A more complete discussion, 
particularly of the botanical implications of the work will be given elsewhere 
in collaboration with Dr. Wilson. 

The interest which attaches to sisal will perhaps be clear if we turn for a 
moment to the analogous case of structure determination of the wood in 
conifer trees. It should be emphasised first, perhaps, that in botanical 
nomenclature the term fibre refers to a single cell and not the fibre bundle 
of commerce. Since, however, this term is traditionally applied in tech¬ 
nology to the commercial fibre we shall refer to the single units making up a 
fibrous material as " single cellsIn wood the cells are long and narrow, 
with a cavity or lumen running the whole length of each cell exactly as m 
the case of fibrous cells—^though here for clear reasons into which we need 
not go, they are called tracheids and not fibres. X-ray diagrams of such 
wood, or of single cells, show the presence of molecular chains of cellulose 
miming in a single spiral round each cell,®*® and this is supported by observa¬ 
tion of major extinction positions of single walls under the polarising micro¬ 
scope.®’® The same appears to be true in the case of hemp,® jute^ and 
bamboo^ fibres. Nevertheless there is the peculiarity that in thin transverse 
sections of wood, and to a smaller extent in hemp and jute but markedly in 
bamboo, the wall is optically heterogeneous Under ike polarising micro¬ 
scope between crossed mcols, each cell is surrounded by an outer layer which 
* is bnght, while the bulk of the wall within it is dark or sometimes merely 
less bright, except for an inneimost, very narrow layer which is again 
occasionally bright. It has proved particularly difficult to determine with 
any certainly the factors of structure underljnng this heterogeneity largely 
on account of difficulties inherent in the close proximity of the layers, but 
this has at last been achieved It appears that the dark layer, as was in 
fact known before,® is the one giving nse to the X-ray diagram and is com¬ 
posed of cellulose chains lying in a fairly steep spiral. In the bright layers, 
however, the cellulose spiral is much less steep and the “micelles” are 
■dispersed about their mean direction through an angle which is much larger 
than that in the inner layer. Since fibres generally present the same optical 
phenomena, it seems reasonable to assume that their structure may be 
similar and it was with this in mind that the work on sisal was undertaken. 
The particular interest in sisal fibres is that, owing to their remarkably slow 
growth,, developing fibres are available in quantity, and it could therefore 
be expected that, if their structure is indeed of the type suggested above, 
then the outer layer could be examined alone and without the comp^<paitions 
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ensuing from the presence of other layers. This has turned out to be the 
case and this direct demonstration forms, therefore, a valuable check on the 
interpretation following indirect evidence used with wood and bamboo. 

While this is clearly not the occasion to enlarge on the botanical interest 
in sisal, some of the salient morphological features will be of value to an 
understanding of the structures later revealed. The material consists of fibres 
which are themselves composed of single cells closely cemented together. 
Each cell onginates as a small, isodiametnc blob of protoplasm surrounded 
by a thin, delicate sheath of cellulose and pectin, the primary wall with 
which we shall not be directly concerned. It develops into a fibrous cell by 
enormous eldngation, with very little relative change m girth, and during 
the whole of this elongation the wall remains thin. After elongation has 
ceased, the cell wall becomes gradually thicker by the apposition mside the 
primary wall of secondary layers of cellulose, and finally the whole wall 
lignifies and the cell contents die, leaving a liquid-filled cavity running down 
the centre of the cell. In transverse section the wall shows exactly the 
phenomenon seen m wood and an other fibrous cells. Here, however, the 
deposition of the secondary layer occurs so slowly (taking months instead of 
the two days of wood) that matenal is readily available containing cells with 
the outer layer only. Further, since in sisal, as in other monocotyledons, 
the growing zone of the leaf continues active at the leaf base during the life 
of the plant, then on proceeding from the base to the tip of the leaf we are 
passing through zones of cells which aic more and more mature The choice 
of any particular stage of development involves therefore nothing more than 
the choice of the corresponding level m the leaf. 

Material and Methods 

The material available was in the form of the complete fibre system of 
retted young and mature leaves Since the base of a sisal leaf is still thin- 
walled and growing, it naturally follows that during commercial preparation 
of the fibres these thin-walled cells, which arc potential fibres, have been 
removed along with other thin-walled tissues, in consequence the fibre system 
IS always some lo cm. shorter than the fresh leaf from which it was pre¬ 
pared. In locating the level at which matenal was chosen, therefore, dis¬ 
tances along the leaf are measured from the base of the retted fibre system 
and not from the leaf base itself. Specimens were chosen from three levels 
in a young and two levels in a mature leaf showing different stages of 
thickening of the cell wall. X-ray diagrams were obtained of parallel 
bundles of fibres using the CuKa radiation from a Shearer tube collimated by 
a slit 0 5 mm. diameter and using a flat film. Major extinction positions of 
the fibre wall in surface view were determined in the usual way® under a 
Lietz polarismg microscope, and birefringences in transverse section were 
calcuMed from the phase differences, measured by means of a de S6narmont 
compensator, and section thickness; this latter factor being m turn deter¬ 
mined by forcing a few cells of a section on their sides and using a Leitz 
Okular-schraubenmikrometer. Cell length measurements were made on 
material macerated by alternate treatment with 5 per cent. KOH and chlorine 
water until the cells fell apart on shaking. These were stained with Congo 
Red and the lengths of straight cells measured by projection on to a large 
screen. As with other fibres it is essential for a demonstration of optical 
heterogeneity that the section thickness shall be as near 5/1 as possible, and 
certainly not greater than lo/i. Correspondingly, sections of this material 
were cut on a microtome after embedding in (not merely covering by) 
cclloidin. 



Table 1. Fibre length and chain orientation in sisal fibres. 
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Besults 

Photomicrographs of adult fibres in transverse section are presented in 
Plate I, Fig. i (a) and (b). These represent the same section taken by 
unpolarised light (Fig. la) and in polarised light between crossed nicols 
(Fig. ib). It will be noted that although the cell lumina are unusually large 
for fibrous cells the walls are nevertheless heavily thickened, and the bulk of 
this thickening layer is dark between crossed nicols. Only a thin outer 
layer around each cell is bright and therefore strongly birefringent, when 
viewed in this way. Dried fibrous material of this kind is not easy to cut 
and it was found necessary during the investigation to use all the material 
which had been cut satisfactorily. The sections illustrated in the Plate are 
therefore somewhat inferior and perhaps do not at first sight display any 
too well the features involved here. Fig. i is therefore drawn to show 
the condition more clearly, and reference from this figure to the photograph 



Fig. I 


in Plate I, Fig. i(b) will then make the position clear. In longitudinal 
section (Plate I, Fig. 3) on the other hand, the bulk of the wall is bright, so 
that this thick inner layer presumably consists of cellulose “micelles'’ 
arranged nearly parallel to the length of the cells. The presence of 
“ micelles “ arranged in such a steep spiral is in fact clearly indicated in the 
X-ray diagram of fibres from the same level in the leaf (Plate I, Fig. 2). 
In point of fact it is not possible fiom the X-ray photograph alone to deter¬ 
mine whether the “micelles" have a preferred orientation parallel to the 
cell length about which there is considerable angular dispersion, or whether 
they he in a spiral. Companson with other cell types, however, leads us to 
suspect that the micelles do he in a spiral, and the spread of the lateral arcs 
would indicate that the angle between the micelles and the cell length is 
about 18® (Table I). This is supported by determinations of the major 
extinction position (Table I). It is important to note, however, that if the 
cell wall consisted throughout of micelles inclmed at about the same angle, 
then the angles determined in the two ways should be equal. Although 
the spiral angle determined from the X-ray diagram is unavoidably a rough 
approximation only, the discrepancy does suggest that tte wall is not indeed 
homogeneous. 

We turn now, therefore, to the less mature fibres lower down the leaf, 
where the wall is thinner (Table II) and the inner layer has not yet been 
deposited (Plate II, Figs. la and b) Here the outer bright layer can be 
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studied alone. It should be remembered that, had this leaf been allowed to 
develop, the cells here would eventually have laid down the thick inner 
layer. Unless, therefore, there is some difference associated with the age of 
the leaf, this outer layer is strictly comparable with the outer layer in the 
adult cells observed above, whose features could not be determined on 
account of the masking effect of the inner layer. That the outer layer is 
structurally identical in the two cases is indicated by the close similarity of 
their birefringences in transverse section, of an order quite different from 
that of the inner layer (Table II). The X-ray diagram of a bundle of cells 
from this younger region is, however, quite different (Plate 11 , Fig. 2)- 
Now the micelles are clearly arranged in a spiral much flatter than that 
determined above, whose angle to the cell length can be deduced® as about 
40°. This figure compares favourably with that determined optically by the 
major extinction position, and the run of the mouths of the slit pits* (which 
are visible here but become occluded on the deposition of the central layer) 
(Table I). Since the average lengths of the cells in the two positions are 
not significantly different (Table I) there is no possibility here that this 
diSerence in spiral angle is associated with a length difference in the way 
recently demonstrated* in wood cells. The conclusion is inevitable therefore 
that in the fully grown fibre there is an outer enveloping layer in which the 
cellulose micelles lie along a spiral much flatter than that in the rest of the 
wall 

It may be noted in passing that with the two series of cells covered by 
outer layer only, the shorter celled tissue (B.3, 0-3 cm.. Table I) shows 
rather flatter spirals (Plate II, Fig. 3) than the longer celled tissue (C 105, 
0-3 cm.. Table II) This is a further example of a connection, which is 
possibly quite general, of cell dimensions with structure.® 

Discussion 

In commenting upon these results it must be admitted at the outset that 
the structure thus envisaged is not a novel conception in fibres It was in 
fact suggested a number of years ago® that fibres are generally built on this 
plan. The importance of the present work, however, lies in the fact that 
this IS only the third time this type of structure has been demonstrated in 
fibrous cells by strictly crystallographic means, the other two cases being 
wood fibres^® and bamboo^ and the first (pase in which the features of the 
outer layer have been demonstrated unequivocally in tissues where the com¬ 
plexities, due to a central layer within, are absent. It is, moreover, now 
possible to deduce other features of interest concemmg the structural 
peculiarities of these two wall layers. Optically each layer is built up of 
two rather ill-defined fractions; a fraction which is intrinsically birefnngent, 
and the rest of the wall material which is isotropic. These may not corre¬ 
spond, even roughly, to the familiar crystalline and non-crystalline fractions 
determined by X-ray methods, since extra-micellar chains which lie parallel 
will contnbute to the birefringence. The birefnngent fraction will consist 
entirely of cellulose while the rest will comprise the non-birefnngent cellulose 
fraction plus lignin and other incrusting materials, all of which are non- 
birefringent. Now in sisal, chemical analysis at the 12 cm. level shows the 

* Pits in a wall are small circular areas m winch waU thickemng has not occured, 
so that canals are left running through the wall Commonly the secondary wall layers 
ove^ch the pit areas so that the pit mouth becomes smaller towards the lumen In 
sisaJ, os in many other fibres the (circular) mouth becomes elongated, as seen in surface 
view, into a sht and hence these are called dit pits. The ^t mouth of these pits hes 
parallel to the cellulose chain direction. 
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wall to contain 83 per cent.* by weight of cellulose (Table I) and ignoring 
for the moment a small correction for density this may be taken also as the 
volume percentage. If a volume fraction f of this cellulose is ciystalhne m 
the present sense, then the partial volume of the wall associated with 
ciystalhne cellulose is / (0-83). Similarly the non-ciystalhne cellulose has 
a relative volume of (i-/) (0-83) and the incrusting substances (o-iy). If, 
now, we assume that the refractive indices of this composite wall can be 
determined, from these fractions and the corresponding refractive indices, 
by the mixed formulae commonly used for liquids* then, taking the refrac¬ 
tive indices as determined in transverse section of the wall, we may set up 


the equations 

V =/(o-83)»«v„+(i-/)(o-83K+(o-i 7K (i) 

»«' = / {o*83)»\,-1-{i -/)(o- 83 K+(o-i 7 )«r '.(2) 

Whence 

-«„'=/ (0-83)(»tV- .(3) 


Where ny and are the major and minor refractive indices observed m 
transverse section (and — therefore is the birefringence) and 
are the corresponding refractive indices of crystalline cellulose when 
the direction of propagation makes an angle B with the chain length, is the 
refractive index of the non-crygtalline cellulose, and nv that of encrusting 
substances. 

Transposing (3) we have 

« - o 

^ {0-83)(««v,,-««aJ 

If we assume further that the percentage of cellulose determined by chemical 
analysis applies to each layer individually at the 12 cm. level (see below) 
and that no very marked angular dispersion occurs, we can take the refrac¬ 
tive indices of cellulose to be -1 • 60 and wa ~ i• 53 («.<?. the indices parallel 
and perpendicular to the length of cellulose chains) and we can then use this 
relation to calculate / for eadi layer in turn, n^y^^ may be calculated from 
ny and n^ in the usual way* The method will be clear from Fig. 2. 
A B C D E F represents a piece of the wall of a sisal fibre, A B C D being 
a transverse face and C B E F a tangential longitudinal one. The Uy direc¬ 
tion is taken to lie at an angle 6 to the length of the cell, B F, along which 
light is propagated. The refractive indices in transverse section then corre¬ 
spond to the projection of the ellipsoid of rotation with axes ny and —^the 
index ellipsoid—^upon the transverse face. Clearly —na and it remains 
only to calculate n^y ^^, the major axis of the projection ellipse. This can 
readily be done since, as will be clear from the figure, the following relation 
obtains:— 


sini> e , _ 


whence 


)^ = 
Iff 


Mo® 


^ My®-(«y®-»o®)sin®0 

For the outer layer ^=40°, » 9 y^ =i‘56. Hence 
f_ Q- 0 I 5 _ . 

_ (0-83) (0-03) ______ 

* We are indebted to Miss Jagger of the Department of Textile Industries for the 
chemical analyses of the material. 
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i e. the cellulose is 60 per cent crystalline. At the i cm. level f would be 

0’0i6 

(o77)(o-o3)~° ® 

Le, 69 per cent.:, so that the correct figure at the 12 cm. level probably lies 
between 60 and 69 per cent. This is of the order found by Hermans for 
native fibres. 

In the central layer, however =i‘538) 

. 0-0064 . 

(o-83)(0'Oo8) “ ° ^ 


This would seem an absurdly high figure, indicating as it does that 96 per 
cent, of the cellulose chains lie stnctly parallel, although not all can be con¬ 
sidered to lie within the regular spatial arrangement of the micelles It is 

P 



certainly an over-estimate for several reasons, one being a probable sub¬ 
jective error in measunng the low birefnngence—^the natural tendency being 
to overweigh the larger birefringences Companson of the two figures does, 
however, show that there is a difference between the wall layers in addition 
to the general tilt of the cellulose micelles. It is to be noted that the correc¬ 
tion for density which should be made m the above calculations will have 
no effect on the relative values of the fraction /; each will merely be multi¬ 
plied by a factor of the order i 53 /1 • 46, Either the percentage of crystalline 
cellulose is in fact different, or if it is the same, then the angular dispersion 
of the micelles in one layer is much greater than in the other The real con¬ 
dition may of course be intermediate, but for the moment this factor may 
perhaps best be interpreted as an onentation factor.^ 

It seems to the wnters, however, that interpretation of the factor f should 
be approached with extreme caution. In the present case where the cellulose 
chains are steeply inclined, increase in angular dispersion probably leads to 
a higher value of birefnngence in transverse sections and a high value of f 
may therefore be associated with considerable disonentation. In other 


words the factor / could be interpreted stnctly as an orientation factor only 
if the birefnngence were measured exactly in the plane of the preferred 
onentation. In point of fact, however, the X-ray diagram does not suggest 
that the observed difference m / is due to angular dispersion alone (for it is 
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to be remembered that the bulk of the spread of the arcs is to be attributed 
to the spiral organisation of the cells and not to angular dispersion proper), 
and it seems very possible that many of the extra-micellar chains do lie 
parallel. This is a point to be examined at a later stage. 

One final point seems worthy of attention at this time since it sheds some 
further light on these aspects of wall structure. Although the X~ray diagram 
of immature fibres shows the lateral arcs rather intense, if somewhat spread, 
that of the mature fibres, which one might expect to correspond to the 
diagrams of outer and central layers superposed, refers on the other hand 
almost exclusively to the central layer with only famt indication of wider 
arcs which would correspond to the outer layer. It seems therefore veiy 
probable that during or after the deposition of the second layer the organisa- , 
tion of the outer layer undergoes such a change as to reduce the intensity of 
the X-ray reflections. This could be an increase in the angular dispersion of 
the micelles caused by the slight swelling concomitant with lignin deposition 
or development such as has been noticed in the very similar case of hemp 
fibres® and mentioned also with other tissues. The fact that the birefringence 
in transverse section is almost identical in young and mature fibres cannot be 
regarded as weighing against this possibility since angular dispersion might 
have little effect in the precise circumstances obtaining in the outer layer. 

It seems, therefore, that in sisal the outer layer in the wall differs from 
the inner layer in at least two respect?. First, in the outer layer the cellulose 
micelles are inclined in a spiral which makes an angle of some 40® to the 
length of the cells, whereas in the central layer the angle is of the order of 
20®. Secondly, while the angular dispersion of the micelles in the outer 
layer about their common direction is probably very considerable, the 
micelles in the central layer are certainly oriented more nearly parallel to 
each other—and possibly even the chains in the intermicellar regions are 
oriented less at random—^the structure in this respect therefore resembling 
closely that in ramie. The surfaces of the cells are therefore very different 
structurally from the rest of the wall within and it seems highly probable 
that the same is true of many other fibre types. 

SUMMARY 

The slow growth of sisal fibres makes them very favourable material on 
which to study the structural peculiarities of different layer? in the wall. 
In this preliminary investigation it is shown, without any doubt, that the 
narrow, first formed outer layer of the cell wall differs from the bulk of the 
wall within in that the cellulose micelles there lie in a spiral making an 
angle of about 40® with the cell length, whereas in the inner layer the angle 
is about 20®. It is further probable that the micelles in the outer layer are 
dispersed about their common direction much more than are those in the 
inner layer. The surface of the fibres is therefore structurally different 
from the bulk of the wall within and the same is probably true for many 
other fibrous cells. 

REFERENCES 

^ Hermans, P. H. 1946. ContnbuHons to the physics of cel ulose fibres. Amsterdam. 

3 Kundu, B. C. and Rreston, R. D. Proc. Roy Soc, 1940, B128. 214 
® Preston, R D Phil Trans., 1934, B224, 131. 

^ Preston, R D. Proc. Roy. Soc., 1941, B130, 103. 

® Preston, R D Proc. Roy. Soc., 1946, B133, 327. 

® Preston, R, D, Proc Roy Soc., 1947, B134, 202 
’ Preston, R D and Smgh, K. Unpublished. 

® Preston, R D Btochim. eiBtophys. Acta , 1948, 2, 370. 

® Steinbrinck, H. Naiurwtss, 1927, 15, 978. 

Wardrop, A. B. and Preston, R. D. Nature. 1947. * 9 ®# 

Department of Botany, The University of Leeds. 



43— The Fine Structure of Sisal Fibres—Preston cS* Middlebrook 


T723 


PLATE I 






T 724 43— Pine Struciu^e of Stsal F%hyes-r~Pveston <5^ Mtddlebrook 


VLVIK I 



Fig 3 






no 


tddlebrooh 1725 



Fig 





1726 43 — Ftne Structure of Sisal Fibres—Preston tS- Middlebrook 


PLATE II 



Fig 3 



T]Z 7 

44—FURTHER ANALYSES OF AUSTRALIAN FLEECE WOOLS 

By R. B. SWEETTEN 
[Copyrtght by the TexUle Institute) 

Lipson and Black (1944) presented data showing the variations in the 
amounts of wax, suint, dirt, moisture and wool, found in some 200 samples 
of greasy wools grown chiefly in New South Wales. In this laboratory 150' 
samples of greasy fleece wools, all substantially free from vegetable matter, 
have been analysed, using the following method. Representative samples for 
analysis, weighing usually 15-25 grams, were drawn from larger samples 
weighing 6-8 Ib. The latter were, in turn, representative of lots of wool 
offered for appraisement in the wool-brokers' stores * The samples for 
analysis were shown to be representative of the lots from which they were- 
drawn by comparing the oven-diy yields of clean wool in these small samples, 
with those obtained by scourmg larger samples in the Testing House. The 
wax content was determined by four hours extraction with re-distilled 
petroleum ether, while the smnt content was estimated by subsequent 
extraction with cold distilled water. The suint solution was filtered pnor to* 
evaporation The dirt remaining in the wool after removal of the wax and 
smnt was determined by weighing the oven-dry wool before and after a mild 
soap and soda-ash scour. The loss in weight of the wool, together with the 
weight of the dry residue collected by filtering the suint solution, gave the 
total dirt content of the sample. The moisture content of the original wool 
was determined by drawing another small sample at the same time and 
drying this for four hours at 100-105° C The method is identical with that 
used by Lipson and Black (1944), and is basically the same as that described 
by Freney (1940). 

Most of the samples analysed were from Victoria and South Australia, 
but some from every state except Queensland were examined. The wools 
came from the 1942-3, 1943-4 and 1944-5 clips. Apart from one sample 
each of Lincoln and Southdown wool, all were of merino, crossbred, full 
fleece and lamb types. Merino wools included those of 64s quality and 
finer, also those of 58s to 64s quality havmg merino characteristics and 92 
such samples were analysed Crossbred wools included those of 64s to 58s 
quality, havmg crossbred characteristics, and stronger wools, but not includ¬ 
ing Downs, Shropshire and Lincoln wools. Forty-five such wools were 
analysed. Eleven lambs wools were analysed and these included lambs wools 
of all qualities. 

In Tables I and II the complete data are presented for those samples in 
which extreme values of the different constituents were found, together with 
the average values for merino, crossbred and lambs wools, and the results 
for the single samples of Southdown and Lincoln wools, j When the figures 
for moisture content are being considered, it should be borne in mind that the 
samples were exposed to the atmosphere in the Testing House for varying 
period prior to analysis. 

The ranges for the amounts of the constituents present in the fleece 
samples are, in general, somewhat wider than those recorded by Lipson and 
Black. This may be due to the selection of samples examined, for all were 

* The quantities of wool represented by the samples ranged from 1 to 27 bales, 
and averaged 6 bales 

t Values of less than 6% have been reported to the nearest 0*1%, values between 
5 and 15% to the nearest 0 2%, and values over 15% to the nearest 0'5%, 
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♦ Indicateb extreme values for tlie various constituents 




















Table II 

Details of Analyses of Samples showing the E:xtreme and the Average Values for Fleece Constituents. 
Results expressed as Percentages of the Weight of Oven-dry Wool in the Sample. 
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considered to be unusual wools. Thus, merino sample 7211 and crossbred 
7027, containing the lowest percentages of wax and suint, were described 
by wool appraisers as “ dry” wools, and it may be noted that these differ 
widely in the amount of wool present and are not at all abnormal as regards 
moisture. However, menno sample 6730, on which the highest value for 
wax and suint was obtained, appeared very greasy when handled, being 
descnbed by wool appraisers as ”fatty”. It is apparent that the term 
” diy ” as applied to the wool in this sense implies a low percentage of wax 
present and its antithesis is not necessarily ”damp” but may be "fatty” 
or, as has been shown by Lipson and Black (-1944), "oily”. In wools of 
more normal appearance the highest value for wax was 21 *0 per cent, for 
menno wool and the lowest values recorded for wax and suint were 7*4 per 
cent, and 2-2 per cent, respectively, for merino wools, and 7-0 per cent, and 
4‘4 per cent, respectively for crossbred wools. 

In view of the special selection of some of the samples, which in the 
opinion of the appraisement staff needed thorough analysis to explain 
apparently abnormal features, the average figure for each constituent is of 
doubtful significance. However, it may be worth noting that the differences 
between the various average figures for merino wools and crossbred wools are 
not as marked as the differences noted by Lipson and Black (1944). 

The figures obtained in these analyses represent the average values for 
the different constituents in at least several hundred pounds of wool. More 
extreme values for wax, suint, dirt and wool, found in small specially 
selected samples of fleece wools are set out in Table III. 


Table III 

Details of Analyses of Specially Selected Samples of Fleece Wools 


Sample 



Constituents 



Wax 

Suint 

Dirt 

1 

Moisture 

Wool 

Basal third of staples from *A 
very ** fattyblack-tipped 

42 0 

4*6 

30 

8*6 

43*5 

wool Merino 60 / 64 s quality, *B 

2 i to ms long. 

97 0 

10-6 

7*0 

20*5 


Distal third of staples from 






Crossbred wool, 56 s quality, *A 

4 to 6 ins. long. Distal half of 

05 

1*3 

5*8 

11*8 

80 5 

staples from this wool were *B 
very “ dry.” 

06 

1*6 

72 

14*5 



*A Calculated as percentages by weight of the greasy sample. 

♦B Calculated as percentages of the weight of oven-dry wool in the sample. 


ACKNOWLEDGEMENTS 

This work was carried out at the Melbourne Testing House of the 
Australian Wool Realisation Commission, to whom acknowledgement is made 
for permission to publish this paper. I am indebted to Dr. R. H. Watson, 
Officer-in-Charge, Australian Wool Realisation Commission Testing House, 
for advice and criticism during both the expenmental work and the prepara¬ 
tion of the manuscript, and to those other members of the staff of the Testing 
House, who assisted me by selection or analysis of samples reviewed. 

REFERENCES 

Lipson, M, and Black, U A. F. /. < 5 * Proc, Roy. Soo. N S.W , 1944 7 ®* 8^ 

Preney, M. R. Cornell Sa and Ind Res {Ausiraha), 1940, Bull 130 
Textile College, 

Gordon Institute of Technology, 

Geelong, Australia. 


Received 8/1/49 








T73I 


Letters to the Editor 

[The Institute is not responsible for the opinions of correspondents,1 
To the Editor, Journal of the Textile Institute. 

EFFECT OF GILLING ON THE STRENGTH OF 
WOOLLEN YARNS 

Recently an experiment has been made to determine the effect of intro¬ 
ducing a gilhng process on the strength and appearance of woollen spun 
yams. A quantity of 64s Australian wool was made into a woollen yam by 
passing it through a woollen card consisting of a three part scribbler, two 
part carder and tape condenser, and a woollen mule. The sliver was con¬ 
densed to II skeins and spun to 14s Yorkshire Skeins Woollen with approxi¬ 
mately 5 turns per inch. A further quantity of the same wool was then 
passed through the scribbler at the same rate of production but mstead of 
going directly forward to the carder the sliver was passed six times through 
an intersector gill box; 4 ends up, with a draft of four, to align the fibres in 
a more parallel order. The gilled sliver was then fed to the two-part carder 
by allowing it to pass from a can through the normal traversing shuttle of 
the scotch feed. This method of feeding meant that the fibres actually 
entered the card at nght angles to their direction of movement on the feed 
sheet, but to have fed by any other means would have been far too com¬ 
plicated. It was quite apparent from the wool on the workers of the carder 
that the fibres were very quickly re-orientated in the direction of movement 
through the card. The sliver was condensed and spun to the same count as 
before. 

In comparing the resultant yams it was evident that the increased ahgn- 
ment of the fibres resulted in a more uniform splitting between the tapes for 
the yams made from the gilled wool were far more uniform and less hairy 
than the normal woollen yarns, in fact they might almost be called pseudo¬ 
worsted yarns. Besides imparting a more uniform appearance to the yarns 
the giUing operation was also apparently responsible for some 23 per cent, 
increase m yarn strength. Details are given in the accompanying table. 



Normal Woollen Process 

Extra GiUmg 

Count (Yorkshire Skeins Woollen) 

14:>4 

14 2 

Turns per inch .... 

53 

6*2 

Breaking load (oz) 

18 9 

23 3 

Extension at break (%) 

29 

29 


Department of Textile Industries, 

University of Leeds. P. P. Townend 


To the Editor, Journal of the Textile Institute, 

MODES OF SWELLING AND SOLUTION OF FIBROUS 
NITROCELLULOSE OF HIGH NITROGEN CONTENT 

As part of a study of nitrocellulose-solvent interaction, microscopic 
examination has been made of the action of a number of pure liquids and 
binaiy liquid mixtures on fibrous mtrocelluloses of high nitrogen content. It 
has been possible to distmguish certain modes of swelling and solution. The 
properties of the nitrocelluloses are given in Table I 

The liquids used can be rather arbitrarily divided into: — 

Solvents Acetone, cyclohexanone; methyl, ethyl and n butyl acetates; 
dimethyl, diethyl and dibutyl phthalates; diethyl and dibutyl tartrates; ethyl 
benzoate; diethyl succinate, triethyl citrate, triacetin, nitrobenzene; methyl 
alcohol per cent, nitrogen only). 
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Non-solvents. 
benzene; hexane. 


Ethyl and n. propyl alcohols; ethyl ether; dioxane; 
Table I 


Nitrogen content,, 

% 

Origin 

Viscosity of 0 * 2 % solution in 
butyl acetate (Centipoises) 

12*2 

wood. 

1*38 

12*55 . 

cotton imters. 

1*343 

13*2 . 

cotton waste . 

2*023 


It should be noted that this division applies only to the range of nitrogen 
content covered and to single liquids. Ethyl alcohol and dioxane may dis¬ 
solve lower nitrogen content material,' The solvent effect of alcohol-ether 
and alcohol-benzene mixtures is well known,"* In addition to using pure 
liquids the action of binary mixtures containing 25 per cent and 50 per cent 
by volume of solvents with alcohol, benzene and hexane, where miscibility 
permitted, was also studied The action of acetone-water mixtures was also 
examined. Examination was carried out in both normal transmitted light 
and between crossed nicols, approximately a c.c. of liquid being added to a 
small quantity of fibres at room temperature and the effect noted, during 
and after addition. 

Two modes of action of the solvents were distinguished, 

{a) A process which may be termed "'immediate gelation''. The fibres 
immediately changed to structureless masses. The polansation colour dis¬ 
appeared. With excess solvent and agitation the masses dispersed. This 
process was observed with acetone and alkyl acetates and all three nitro- 
celluloses. 

(b) A slower process involving breaking of fibres into elongated frag¬ 
ments, followed by breaking of the fragments and eventual dispersion. 
This mode of solution obtained with all solvents other than those 
causing immediate gelation. This process, with ketones, has been observed 
by Mangenot and Raison.® The period required for complete disappearance 
of fragments varied from a few seconds with cyclohexanone to an hour or 
more with dibutyl phthalate. It appeared to be greater the more viscous the 
solvent and the higher the nitrogen content of the fibres. The polansation 
colour persisted in the fragments. 

With binary mixtures, low solvent concentrations resulted in almost 
immediate limited radial swelling, the polarisation colour becoming fainter. 
Increasing solvent concentration led to one of two modes of swelling. With 
mixtures involving acetone and all non-solvents, cyclohexanone with ben¬ 
zene and hexane, methyl and ethyl acetates with hexane, and diethyl 
phthalate with hexane, increasing solvent concentration led to axial contrac¬ 
tion, together with further radial swelling. The polarisation colour dis¬ 
appeared. Further increase in solvent concentration gave rise to approxi¬ 
mately sphencal masses and finally to either immediate gelation or breaking 
into fragments. With other solvent—^non-solvent mixtures increasing solvent 
concentration gave rise to further limited radial swelling with decreasing 
intensity of polarisation colour and finally to immediate gelation or breaking. 
Results obtained suggest that both degree and mode of swelling and the pro¬ 
portion of solvent just causing solution depend on at least three factors: 

{a) The solvent used with a given non-solvent. Thus in alkyl acetate- 
benzene mixtures containing 25 per cent, solvent, ethyl acetate caused greater 
swelling than methyl or n. butyl acetate. 

(6) The fibres used. Swelling often appeared to be greater the lower the 
nitrogen content, and there appeared to be smaller tendency for the 13*2 per 
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cent nitrogen to pass into the axially contracted state. These variations^, 
however, may reflect differences in structure rather than nitrogen content. 

(c) The non-solvent used with a given solvent The proportion of acetone 
needed to cause solution was 90 per cent, in acetone-water, 70 per cent, in 
acetone-hexane, 50 per cent in acetone-alcohol and 20 per cent, in acetone 
benzene mixtures Swelling was generally least, for a given proportion of 
solvent, and the proportion of solvent required for solution greatest, when 
hexane was used as non-solvent Non-solvents alone caused limited radial 
swelling in some cases Dioxane swelled all three nitrocelluloses. Methyl 
alcohol swelled 13 2 per cent and 13-55 cent. Ethyl alcohol swelled 
12*2 per cent , but had little effect on the others 

The types of solution process observed may possibly be interpreted in 
terms of fibre structure and molecular size of solvent. The solvents with the 
smallest molecules probably enter crystalline and amorphous regions^ and 
cause immediate breakdown of structure Solvents with larger molecules 
may enter only amorphous regions or relatively open spaces in them ^ 
Breakdown of cohesion may occur at certain points resulting in breaking into 
fragments Further action of solvent may lead to a dispersion of crystalline 
regions ^ The two types of swelling may be tentatively interpreted in terms 
of solvent properties and fibre structure. The iype involving axial contrac¬ 
tion occurs in mercerisation and Valko® suggests that swelling permits 
extended chains to attain a more probable coiled configuration, causing 
shortening of fibres This may apply in the present case. The solvents 
involved in axial contraction are those which, from semi-quantitative swelling, 
viscosity and precipitation results,^ can be regarded as poor solvents. With 
such solvents chains would be more likely to adopt a more contracted state. 
With better solvents, even of the same chemical type, extended chains will 
be favoured and only radial swelling observed. 

The writer is indebted to Dr R. L Elliott and Mr. G. E. Styan for dis¬ 
cussions during the course of this work. 

Department of Chemistry and Dyeing, 

Technical College, Bradford. W. R Moore. 
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The Editor, Journal of the Textile Institute, 

Some Observations on the Influence of Fabric Structure on Felting 
Felting, as is well known, is a function of the mobility of the fibres 
and yams in a fabric. It is also known that certain structural features, such 
as the relationship between the direction of twist of the warp and weft yams,' 
affect the compactness of a fabric and hence the freedom of movement of the 
yams and of the fibres. 

We have observed that the susceptibility to felting is also affected by the 
relationship between the direction of the twill line in twill or satin fabrics 
and the direction of twist of the warp and weft yarns. 

If We use the letters S and Z to indicate the direction of twist in the 
accepted manner (S: clockwise, Z: anticlockwise) and also to indicate the 
direction of the line of twill (S: down to the right, Z; down to the left) the 
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following relationship has been found to exist between the twist of yam and 
the line of twill m respect of susceptibility to felting. 

Twist of Yarn. Twill. Twill. 

Warp S ... Low High 

Z ... High ... Low 

Weft S ... High .. Low 

Z ... Low .. High 

It can be seen from this table that the susceptibility to felting is greater 
when the twill and twist directions cross than when they do not. If large 
letters are used for the direction of twill and small letters (vertical for warp: 
horizontal for weft) for the yam twist, the relationship can be represented 
pictorially:— 










These constructions also appear to have a considerable influence on the 
properties of fabnes made from spun rayon and from cotton. It is known 
that in spun rayon fabrics, when roughened up by the friction of vigorous 
washing, the fibres can mat together to give rise to a phenomenon similar to 
the felting of wool. We have found that this also is governed by the above 
relationship of twill and twist. A similar effect has been observed with 
certain cotton fabrics 

These observations have been made on laundered wool, rayon and cotton 
articles and the phenomenon is being further investigated 

The authors wish to express their thanks to the Director of Research for 
permission to publish this note. 

British Launderers* Research Association, 

The Laboratories, 

HiU View Gardens, F, R. Hill. 

Hendon, N.W.4. E. Kornreich. 
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CORRECTION 

Effects of Strain on the Microscopic Structure of Acetate Rayon— 
Simmens and Howlett. 

Page 597—The first four lines at the top of this page should follow the third 
line in the paragraph commencing *‘The results of these investigations, 
etc. . . '' 
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I. INTRODUCTION AND SUMMARY 
Paxt I of this work* dealt \uth certain fundamental conceptions indis¬ 
pensable to an adequate theory of the “cycle of stepsthis having been 
exemplified m its simplest form as an “ elementary design that is a design 
in which, on any one pick, only a single warp thread is laised within the 
weftway repeat, and any particular warp thread is laised only once within 
the warp way repeat. The theory developed was applied to the solution of 
the problem of “ enumerating “ the elementary design, using the term to 
denote, in it^ present connexion, the finding and application of formulae for 
the calculation of the number of designs of any period. The problem of 
“ enumerating “ the elementary designs in the other sense of the term, that 
is, of specifying them seriatim, will be consideied in Part III of this work 
The elementary design was defined so as to make its individuality depend 
not merely on a certain intrinsic arrangement of design points, but also on 
the relation of this to an external frame of lefeience. This led to the definition 
of a new entity, the “primitive pattern to denote the arrangement of points 
considered apart from the frame of reference The present paper deals with 
the relation between the elementary design and primitive pattern, a subject 
relevant to a number of problems, in particular to the problem,* previously 
mentioned, of specifying the designs seriatim, or what may conveniently be 
called the problem of “detailed*' enumeration 

In Section II of the present paper a study is made of the operations which 
change the relation of a design to the external frame of reference, and which 
in general yield a different design. It is shown that these operations, with 
the “identity” opeiation, form a mathematical “group” of well-known 
type The designs obtained from any given design by the operations of the 
group are called its “ group-denvatives Together with the original design 
they constitute the complete set of designs corresponding to a single primitive 
pattern. In pursuance of the plan, adopted m Pait I, of replacing the cus¬ 
tomary graphical by numerical piocedures and inodes of specification, it is 

* In part I a convention was adopted, winch, though a recognised one, would 
appear to require some explanation in its application to the specification of sub-periodic 
designs This is the use ot an index notation to indicate the lepetition of a symbol oi 
group of symbols. According to this, for example, the array 22222 is written 2®, and 
the array 255255255 is written (255)^, and the general foim for the array of steps of a 
sub-periodic design of period m [—an) and order n w^as taken m Part I as (SiS^ - .Sa)” 
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shown that the geometrical operations of the group correspond to certain 
simple numerical operations performed upon arrays of steps and co-ordinates. 

Ordinarily, the group-derivatives of a design are different from the design, 
and form with it a set of eight designs corresponding to the same primitive 
pattern; but there are certain designs which are unaffected by one or more 
operations pf the group, this invaiiance denoting the possession of certain 
types of symmetry. These are investigated in Section III, where the algebra 
of the group is developed so as to determine the types of symmetry which 
are possible. It is shown that there are nine types (or ten, if designs with 
none of the symmetries of the group are regarded as constituting a type); 
and that these include five lowest'' types, for which the number of designs 
corresponding to the same primitive pattern is reduced to four, three 
higher*' types, for which the number is reduced to two, and a single 
“highest" type, for which a primitive pattern corresponds to only one 
design. The numerical procedure for obtaining the group-derivatives of a 
design, devised in Section II, is illustrated for designs exemplifying all the 
nine types of symmetry. In this application, the procedure constitutes a 
routine for determining the symmetry of designs, and their mode of asso¬ 
ciation, to correspond to the same primitive pattern, a routine, moreover, by 
means of which the results of a detailed enumeration of designs may be 
abbreviated to an enumeration of primitive patterns. 

This theory of symmetry differs in many respects from a more general 
theory applicable to all classes of designs repeating in two directions over a 
plane—a theory developed some twenty-four years ago as an offshoot from 
that of crystal symmetry. To conclude Section III the relation between the 
two theories is briefly considered. 

II. THE GROUP OF OPERATIONS 

A graph intended to be the R.P.A of an elementary design does not 
actually become one until directions “rightward" and “upward" have 
been assigned along the lattice lines in one of the eight possible ways. To 
have complete freedom in this asbignmenl, one mubt imagine the graph to be 
drawn on a sheet of transparent material, so that it may be viewed from 
either side. Previous to the assignment the graph may be regarded as repre¬ 
senting a primitive pattern. The assignment determines the relation of the 
graph to an external frame of refeience. According to a literal interpretation 
of the term “upward", the frame of reference must be visualised a 
vertical wall to which the sheet of material must be fixed, so that the indicated 
directions are correct. In practice, of course, the term is used according to 
the convention whereby one speaks of the “ top " of a page or sheet of paper, 
which need not be vertical, and may even be horizontal, the “upward" 
(and “ right^vard ") being determined by the position of the observer. 

After this assignment, the cycle of steps may be made determinate by 
adopting a standard method of stepping. This was done in Part I, the 
standard method being stepping upwards while traversing the columns of tlic 
design from left to right. This is one of eight possible methods, which 
include, for example, stepping to the left while traversing the rows of the 
lattice downwards. 

Aftei the graph has been placed in any assigned relation to the frame of 
reference, so as to produce a definite design, this relation may be changed to 
seven others by means of suitable “ operations The nature of these opera¬ 
tions may be deduced from a consideration of the figure. The two arms of 
the L-shaped “ indicator" represent the assigned directions marked on the 
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graph, the short arm of the L the '' rightward " direction, and the long arm 
the upward''. At (a) these he in the correct assigned directions, corre¬ 
sponding to the original design. At (6; both directions have been reversed; 
at (c) only the horizontal; at {d) only the vertical These exhaust the possi¬ 
bilities when the horizontal arm remains horizontal, and the vertical, 
vertical; or in other words, when there has been no interchange of warp and 
weft directions. At (e) there has been such an interchange, the arms, how¬ 
ever, still pointing the one rightward and the other upward At (/) both 
these new directions have been reversed, at (g) only the horizontal, at (h) 
only the vertical. 

It will be seen that the design corresponding to (b) is the result of turning 
the one corresponding to {a), that is, the original design, upside down: and 
that the designs corresponding to (g) and (h) are the results of rotating the 
onginal design through a right angle in its plane, respectively anti-clockwise 
and clockwise. To produce the designs corresponding to (c), (d), (e) and (/) 
by the imaginary process of fixing the sheet of material to the vertical wall, 
it would be necessary to turn it ''back to front" before fixing it with the 
four requisite onentations These could be obtained from the sheet placed 
so as to give the original design by rotating it through two right angles about 
lines in its plane, these lines running, for (c) vertically, for (d) horizontally, 
for (e) upwards to the nght in the direction making equal angles with the 
horizontal and vertical, and for (/) upw'ards to tlie left similarly. It is more 
convenient, however, to imagine these changes to be the results of reflecting 
the design in a mirror placed with its piano normal to that of the design and 
intersecting it in lines having these four respective directions. Adopting a 
usual convention, one may refer to these reflections as reflections in the lines 
themselves. 



If leaving the design unaltered is regaided as an operation (analogous to 
the operation of multiplication by unity in ordinary algebra) there are eight 
operations which form a mathematical "group'' of well-known type, 
involving reflections and rotations The operations have the property, 
charactenstic of these of a group, that the result of performing two ofpera 
tions in succession is the same as that of one of the single operations Thus 
reflecting in a honzontal line and then turning upside down produces the 
same result as reflecting m a vertical line. Moreover, corresponding to each 
operation there is an inverse operation annulling its eftect. Thus an anti¬ 
clockwise right angle rotation is the inverse of a clockwise right angle rotation. 
Actually all the other operations of the group are sclf-inverse, performed 
twice in succession they yield the original design. 
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The eight operations of the group ate exhibited in Tabic I, each with a 
symbol or *'opcratoidenoting it. 

Table I 

The Group of Operations transforming the Elementary Design 


Pescnption of Operation 


Operator 


Leaving the design unallered—the identity ’* operation 

Turning it upside down . , . ... 

Reflecting it in a vcitical Imc . . 

Reflecting it m a horizontal line 

Rotating it clockwise thiough a light angle .... 
Rotating It anli'clockwibc through a light angle . . 

Reflecting it in a line running upwaids to the light making half a right 
angle with the horizontal and vertical .... 

Reflecting it in a hue running similarly upwaidb t o the left _ . 


E 

U 

V 

H 

C 

A 

R 

L 


With appropriate conventions these opeiators may be manipulated some¬ 
what after the manner of ordinary algebraical symbols. A number of 
operators written in the form ot an algebraical pioduct will be taken to 
denote the compound operation of performing the indicated operations in 
order from nght to left. Thus VU denotes the compound operation of turning 
a design upside down and then rcliecling it in a vertical line, CVU the com- 
pound operation of, m addition, subsequently rotating the design clockwise 
through a right angle. An index notation is used to denote the repetition of 
an operation: thus V“ is equivalent to VV, C’ to CCC and so on. Any com¬ 
pound operation is equivalent to a single operation. Thus VU is equivalent 
to H, LVU to C, Such equivalence will be indicated by the sign of equality. 
Thus VU-H and LVU-C. 

Excluding the identity opeiatoi, theiu ut 40 two-teim '' pioducls”, and 
these may be evaluated by opciating on the symbols fornu'd by the indicator 
in the figure, starting with which coiresponds to tlie original design. The 
symbols (6), (c), (d), (e), (/), (g) and [h) aie. ol couise, the respective 
results of the opeiations U, V, H, R, L, A and C, and performing these^ 
seven operations on the seven symbols deteimines those products. Tor 
example, reflecting (g) m a horizontal line yields (/] so that HA=L. 


Table II ' ^ 

Multiplication Table of the Group of Operations transforming the Elementary 

Design 



1 

E 1 

U 

V 

H 

R 

L 

A 

C 

E 

E 

U 

V 

1 

H 

R 

L 

A 

C 

V 

V 

E 

H 

V 

L 

R 

C 

A 

V 

V 

H 

E 

U 


^ C 

1 

R 

L 

H 

H 

V 

u 


C 

A ' 

L 

R 

R . ' 

R 

L 

1 

A 

E 

U 

H 

V 

L 

L 

R 

A 

C 

U 

E 

V 

H 

A 

A 

C 

L 

R 

V 

H 

U 

E 

C 

C 

A 

K 

L 

H 

V 

3^ 

U 


The complete " Multiplication Tabic " of the gioup is shown in Table II. 
In this, any operation in the body of the Table is the equivalent of the 
operation at the head of the occupied column, followed by the one at the end 
of the occupied low. Thus AV==L, RV=-C and so on. The Table includes 
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rows and columns designated by the identity operator, these being analogous 
to the one times ** and so many times one " entries of the ordmary multi¬ 
plication table. 

This algebra may be extended to include symbols indicating the entities 
operated upon. These will be denoted by heavy type capital letters Thus 
if D denote a certain design, HD will denote the design obtained by reflecting 
it in a honzontal line. Such designs will be termed the group-derivatwes 
of the original design, the operation involved being prefixed to the symbol 
denoting the design Thus HD will be called the H group-denvative. Com¬ 
pound operators may be applied to the symbol denoting the design, forming 
compound group-derivatives, but these are readily converted to simple group- 
denvatives by the help of the multiplication table. Thus LYRD-YD. 

An equation of this kind is analogous to an ordinary algebraic identity 
involving, say, a variable x, in that it is true for any type of design, just as 
the algebraic identity is true for any value of x. On the other hand, one can 
form equations, analogous to conditional equations m ordinary algebra, 
which are true only for certain types of design. An example of such an 
equation is VD=HD. From this kind of equation one can deduce others 
by multiplying each side by the same operator. Thus m the case of this 
particular example, multiplying both sides by R gives the equation 
RVD=RHD, which reduces to CD = AD, showing that if a design is such 
that the results of reflecting in a vertical and a horizontal mirror are the 
same, so are the results of a clockwise and an anti-clock wise right angle 
rotation 

The eight operations of the group have a one-to-one correspondence with 
the eight possible methods of stepping, based on the fact that each operation 
converts a non-standard method into the standard method, except in the 
case of the identity operation, where the standard method remains standard. 
This correspondence is exhibited in Table III. 

Table III 


The Correspondence between the Operations of the Group and the possible 

Methods of Stepping 


Operation 

Methods of Stepping 111 original Design which become standard 
in the transformed Designs 

Step 

Traverse 

E . 

upwards 

to the right 

U 

downwards 

to the left 

V . . 

upwards 

to the left 

H , . 

downwards 

to the right 

C . . . 

to the left 

upwards 

A 

to the right 

downwards 

L 

to the left j 

downwards 

R 

to the right 

upwards 


It Will be convenient to refer to these methods as stepping '"upwards to 
the right", "downwards to the left", and so on, the first direction men¬ 
tioned relating to the step, and the second to the traverse The cycle of steps 
of any group-derivative may be obtained from the original design by the 
appropriate non-standard method of stepping. Thus for the C group- 
denvative one would step " to the left upwards " on the original design 
By a consideration of these non-standard methods, and the group- 
derivatives to which they correspond, it is possible to devise purely numerical 
procedures by means of which one can deduce the array of steps of any 
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group-derivative from that of the original design Let P and be two 
adjacent design points in the same column of the onginal design, being 
above P; and let Q be the design point above P and below P' in the next 
column to the right. The standard method of stepping, when the line between 
the two columns is crossed, will yield the step from P to Q The method of 
stepping " downward to the left will yield the step from Q to P, a step of 
the same magnitude, but in such a direction that the order of successive steps 
IS reversed. Hence the cycle of steps of the U group-denvative is the reverse 
of that of the onginal design. 

The method of stepping ''downwards to the right"' will yield the step 
from P*to Q, this being complementary to that from P to Q, m the sense that 
the sum of the two steps is equal to the penod Successive steps will be 
taken in the original order Hence the cycle of steps of the H group- 
derivative will consist of the complements of the steps of the onginal cycle 
taken in the same order Stepping "upwards to the left" reverses this 
order, so that the cycle of steps of the V group-derivative will consist of the 
complements of the steps of the original design, taken m levcise order 

The R, L. A and C group-denvaiives involve interchange of the warp 
and weft directions. The design corresponding to (e) in the figure is the R 
group-derivative of the original design, and in (e) the rightward and upward 
directions have been preserved, though the direction^ of the long and short 
arms have been interchanged. It follows from this that a co-ordinate arraj' 
of the R group-dcru ativc may be derived from a co-ordinate array of the 
original design by the process ot interchanging the explicitly stated " y" 
co-ordinates with the implied ".v" co-ordinat('s The new array may be 
wntten down diieclly fiom an inspection of the old array, by examining, in 
the latter, each term in order ot magnitude, and writing clown in succession 
each implied co-ordinate, as deduced fiorn the position of the examined 
term Thus, if the old array of co-ordinates were 243 5 i, the process 
would be as follows • 

1 OCCU 1 & in the 5th place, so 'wiite clown 5 

2 .. „ ,, 1st .. „ 1 

3 ,, ,, „ Srcl „ „ „ ,, H 

2nd „ „ „ ,, 2 

S j. >1 -ith ,, ,, ,, ,, 4 

SO that the new array is 5 i 3 2 4 In general the problem will be to obtain 
an array of steps of the R group-denvative, given that of the original design 
It will then be necessary to deduce an airay of co-ordmales from the original 
anay of steps, and after the interchange of co-ordmaics, convert the new 
array of co-ordinates into an array of steps 

The procedure for deducing a complete set of group-derivatives is illus¬ 
trated below for the design 51423467, The U, V and H group-den vatives 
have been obtained by the respective operations of reversing the original array 
of steps, converting the terms of this new array to complements, and 
reversing this complementary airay xVftei this, an array of co-ordinates^' 
was deduced from the original anay of steps, taking i as the first co-ordinate 
The process of interchange of co-ordinates was then' carried out, and the 
new array of co-ordinates converted to an array of steps Operations on this 

*The use of airays of co-ordinates and an ays of steps in the same immediate 
context need not cause any confusion, as the two types of array are readily distinguished 
by the fact that an array of co-ordmates contains a teim equal to the period (e g. 51324) 
\shile an anay of steps does not (e.g 12421) 
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array, similar to those performed on the anginal array, then yielded the 
arrays of steps of the remaining group-derivatives. 

D. .51423467 

UD. . 7 6 4 3 2 4 1 6 

VD . 12456473 

HD. . .37466421 


D . 167 3 5842 

RD . .... 1 8 4 7 5 2 3 6 

RD ... 74365133 

LD. . . .33156347 (=URD) 

ad. . ..55732541 ( = VRD) 

CD... . ..1 4 5 2 3 7 5 6 {=HRD) 

The particular example chosen is one for which all the group-derivatives 
are different. Certain designs, however, are invariant to one or more of 
the operations of the group This invariance denotes the possession of certain 
types of symmetry, and these are investigated in the following Section 

III. THE GROUP SYMMETRIES 

If a design is unaffected by being turned upside down, that is to say, if 
it IS invariant to the operation U, it will be said to be U symmetrical; and a 
similar notation will be used for the other operations of the group, if a 
design is unaffected by a clockwise right angle rotation, it will also be 
unaffected by an anti-clockwisc nght angle rotation, and vice versa, for the 
effect of the one operation is the same as that of the other repeated three 
times in succession Hence C symmetry and A symmetry are the same 
pioperty, and henceforth only the former term will be used Two light angle 
clockwise rotations turn the design upside down Hence all C symmetrical 
designs are also U syinmetncal but the converse of this is not true. 

The identity of two group-denvatives always implies a certain type of 
symmetry. Thus if VD-HD, multiplication of both sides of the equation 
by V gives V’D^VHD, which reduces to D=UD, indicating that the design 
lb U symmetrical There are 21 equations expressing the identity of two 
group-denvatives, and these can be derived from thte equations expressing 
the identity of a group-derivative with the ongmal design by multi¬ 
plying each of these latter by the operators m the order given in 
Tables I or II, omitting the process for operators involved m previous 
equations For each of the types of symmetry, U, V, H, R and L, there 
is thus a set of four equations, while for C symmetiy there arc two such sets, 
since there are two equations expressing the identity of the original design 
and a group-derivative The 28 equations arc exhibited m Table IV, 
classified under the headings of the types of symmetry they indicate in the 
ongmal design 

Table IV 

Equivalent Symmetry Relationships 


u 

symmetry 

V 

symmetry 



10111^^01 

1 ( 

symn 

C 

letry 

D=UD 

VD==HD 

RD=LD 

AD=CD 

D=VD 

UD=HD 

RD=CD 

LD=AD 

D=HD 

UD=VD 

RD:=AD 

LD=CD 

i D=RD 

1 UD=LD 

1 VD=AD 

1 HD=CD 

D=LD 
UD=RD 
VD = CD 
HD=AD 

D = CD 
UD=AD 
VD=LD 
HD=RD 

D=AD 

UD=CD 

VD=RD 

HD=LD 


By means of these relationships, it is possible to deduce the consequences 
of the co-existence of any two types of symmetry. Not counting the 
co-existence of U and C symmetries, which is an inevitable result of the 
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existence of the latter type, there are 14 possible combinations of two types. 
Considering first the co-exisience of U and V symmetries, it will be seen from 
the first column of Table IV that D = UD, from the second column that 
UD-HD, from the first again that HD=VD^ and finally from the second, 
that VD=D. Hence the onginal design and its U, V and H group-derivatives 
must be all identical. The same result follows from assuming the co-existence 
of either U and H, or V and H symmetries There is therefore a type of 
symmetry characterized by the identity of the U V and H group-derivatives 
with the onginal design This will be termed UVH symmetry It may 
readily be shown that this type is further characterized by the identity with 
each other of the R, L, A and C group-derivatives 

In a similar manner it may be shown that there is a type, which will be 
termed URL symmetry, charactenzed by the identity of the U, R and L 
group-derivatives with the original design, and further by the identity with 
each other of the V, H, C and A group-derivatives, this type being deducible 
from the co-existence of any two of the types U, R and L. 

From the equations in the sixth and seventh columns of Table IV it may 
be shown that C symmetry is chaiacteiizcd by the identity of the U, C and 
A group-derivatives with the onginal design, and further by the identity with 
each other of the V, H, L and R group-derivatives 

The relationships for C, UVH and URL symmetries are exhibited in 
Table V. 


Table V 

Relationships characteristic of G, UVH and URL symmetries 


C symmetry 

UVH symmctiy 

URL symmetiy 

D==:UD = CI>=:=AB 

D=UD=VD=HD 

D=UD=RD=LD 

VD:;=:HD=LD = R 0 

ia>=LD = AD=CD 

VD=HD=CD=AD 


The above discussion deals with six of the fourteen pairs of types The 
co-existence of any of the remaining eight pairs involves the identity of all 
the group-derivatives with the original design In the case of any of the 
four pairs V or H with R or L, one may pass to and fro between the 
relevant columns of Table IV, so as to form a closed chain of equations estab¬ 
lishing this identity Thus, assuming the co-exislcnce of V and R symmetnes 
one obtains the closed chain D=VD==: AD-LD=UD=HD=CD=RD=D. 
In the case of any of the four pairs, C with V, H, R or L, the same result 
follows from the linking together of the two sets of equations in the first 
column of Table V. This type of symmetry, in which a pnmitive pattern 
yields the same design in whichever of the eight lelalions to the frame of 
reference it is placed, will be termed ''complete group'' symmetry, abbre¬ 
viated to CG symmetry 

There are thus nine types of symmetry, five "lowest" types (U, V, H, 
R and L), three "higher" types (C, UVH and URL) and one "highest" 
type (CG) A design conforming to the requirements of a lower type may 
happen to conform to those of one or more higher types If it is desired to 
exclude these latter types, the symmcliy^ symbol will be enclosed m square 
brackets For example a design which is invariant to being turned upside 
down is U symmetneal, and if it is invariant to*no other (operation of the 
group it will also he termed [U] symmetneal. The complete set of U sym¬ 
metneal designs will include all those which have the symmetries [U], [C], 
[UVH], [URL] and CG. The complete set of V symmetrical designs will 
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similarly include all those which have the symmetries [V], [UVH] and CG 
and so on For the ''higher*' types C, UVH and URL, the brackets will 
denote simply the exclusion of CG symmetry. 

The symmetnes denoted by unbracketed symbols are of importance in 
relation to routines of enumeration devised for particular types of symmetry, 
since, in general, such routines yield designs with the relevant higher types 
On the other hand, the symmetnes denoted by bracketed symbols are of 
importance m the more immediate problem of the relation between designs 
and primitive patterns. 

A design with none of the symmetnes of the group is one of a set of 
eight designs corresponding to the same primitive pattern. Given an array 
of steps of any one of these eight, arrays of steps of the other seven may be 
deduced by means of the procedure described at the end of the preceding 
Section For any period the complete senes of such designs is represented 
by one-eighth their number of primitive patterns 

The equations shown m Tables IV and V indicate the relationship between 
designs and primitive patterns foi the different types of symmetry A [U] 
symmetrical design is not V, R or L symmetrical It follows, therefore, from 
the four equations in the first column ot Table IV, that such a design is one 
of a set of four, corresponding to the same primitive pattern, the others being 
its V (or H), its R (or L) and its A (or C) group-denvatives. All the designs 
will be U symmetrical, and for any pciiod the complete series of U sym- 
metneal designs is represented by aquarterdieir number of primitive patterns 

A [V] symmetrical design is not U, R or L symmetrical It follows 
therefore from the four equations in the second column of Table IV that 
such a design is one of a set of four corresponding to the same primitive pat¬ 
tern, the others being its U (or H), its R (or C) and its L (or A) group- 
denvatives The first of these three will be [V] symmetrical, like the onginal 
design, but the two others will be H symmetrical, owing to the interchange 
of warp and weft directions. For any period the complete set of [V] sym¬ 
metrical designs consists of pairs of mutual U group-dcrivativcs, and from 
this set there can be deduced the complete set ot [HJ symmetrical designs by 
means of the operation R or L, (there being a one-to-one correspondence 
between the two sets based on either of the two operations). The number of 
pnmitive patterns corresponding to both sets of designs is thus equal to a 
quarter the total number, or half the number in either set 

Similar considerations apply to designs with [R] and [L] symmetry, the 
four designs coricsponding to the same primitive pattern being related as 
indicated in the fourth (or fifth) column of Table IV 

A [C] symmetrical design is not V symmetrical, a [UVH] symmetrical 
design is not R symmetrical, a [URL] symmetrical design is not V sym¬ 
metrical, so that for each of these types of symmetiy, a design is one of a 
pair, related as indicated m the relevant column of Table V, corresponding 
to the same primitive pattern, the number of these primitive patterns, for 
any period, being half the number of corresponding designs 

The procedure for obtaimng the group-denvatives of a design, desciibed 
in the previous Section, when applied to a design having one of the sym¬ 
metries of the group, replicates it in a manner which reveals the type of 
symmetry, and yields the designs, four, two or only one m number, which 
correspond to a single primitive pattern This is illustrated in Table VI for 
designs which exemplify all the nine types of symmetry In this, each 
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column of eight arrays of steps and two auxiliar\' arrays of co-ordinates, has 
at its head a reference numeral for the design, and at its foot an indication of 
the symmetry 

It will be seen, for example, that with design I, the ongmal array of steps 
and that of the U denvative represent the same design, so that the design is 
U symmetrical, while all the other arrays of steps represent designs differing 
from the ongmal, so that the design is [U] symmetrical Moreover the eight 
arrays represent four different designs, which are duplicated in accordance 
with the equations m the first column of Table IV Similar considerations 
apply to designs II, III, IV and V, where the designs are duplicated, and to 
designs VI, VII and VIII, where they are quadruplicated For design IX 
the identity of all the designs represented indicates "'complete group'* 
symmetry 

Considerations of symmetry enable the results of a detailed enumeration 
to be abbreviated to a list of pnmitive patterns by selecting one design from 
each of the sets of designs corresponding to the same pnmitive pattern, at the 
same time specifying the symmetry of the selected design. The selection of 
the design, thus representing the pnmitive pattern, could be made arbitranly. 
but when the problem of detailed enumeration is considered in Part III of 
this work, a definite critenon will be adopted to govern this selection, one 
ansing, moreover, naturally out of the routine of enumeration The com¬ 
plete list of designs would be implicit in the list of pnmitive patterns, and 
could be recovered by operating on the specified arrays in accordance with 
the symmetry indications. Thus an array representing a design stated to 
have none of the symmetries of the group, would have to be supplemented 
by seven other arrays' an array representing a design stated to have [U] 
symmetry would have to be supplemented by three others obtained by the 
numencal procedures corresponding to the operations V, R and A: and so 
on, the "higher" types [C], [UVH] and [URL] involving one extra array 
and CG symmetry none 

There are two general charactcnstics of a design which limit its possible 
types of symmetry. In the first place, no design of odd period can be V or H 
S 3 mimetrical, so that the only possible bracketed types for such designs are 
[U], [R], [L], [C] and [URL] Secondly, the same limitation applies to sub- 
penodic designs, if one excepts the single design ("plain weave"). 

It can readily be shown that designs with V or H symmetry must have an 
even penod This follows from the fact that, with such designs, the set of 
steps in the cycle is identical with the set of complementary steps. Making 
use of equation (i) of Part I, one can wnte = where 2 

denotes summation of the steps 5 over the complete cycle From these 
equations it follows that — and Since M is integral m must 

be even. 

Equation (2) of Part I, relating to the cycle of steps of a sub-periodic 
design, may be wntten in the form 71^5=Mm, where S now denotes sum¬ 
mation over the sub-cycle of steps. As pointed out in Part I, n and M must 
not contain a common factor, as otherwise, by division, the above equation 
could be made to yield an equation denoting that a partial sum of con¬ 
secutive terms was divisible by the period. Such divisibility is impossible if 
m which case the design is the simple twill 1"^ For such a design to 
be V or H symmetrical the penod, as has just been shown, must be equal to 
2M, in this instance to 2. Hence the only twill with either of these types of 
symmetry is the design i". 
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If M>i, the condition necessary for V or H symmetry is that n and 
^an{-M) should be mutually prime. This is impossible, for since is 
integral, one at least of the two numbers a and n must be even, and therefore 
i^an must have as a factor either n or \n 

To conclude this investigation of the symmetries of the elementary design, 
it seems desirable to relate it to a more general theory of the symmetry of 
designs which originated as a development of the theory of crystal sym¬ 
metry This theory is applicable to all types of design which repeat in two 
directions over a plane, to textile designs in general, and to designs not based 
on a warp and weft structure, such as could be used, for example, for a 
pnnted fabric or wallpaper The types of symmetry possible in such designs 
have been enumerated by Polya,'* and further considered by Niggli** in a 
crystallographic journal These authors have treated the subject from the 
point of view of general crystallographic theory, applying to a space of two 
dimensions conceptions originating from a consideration of a space of three 
dimensions, but a more direct approach to the subject, one more relevant to 
textile design, has been given in a paper by H. J. Woods^ in this Journal 
In the following discussion the brief descriptions of these types according to 
the general theory will be supplemented by references (Wi, W2, etc.) to 
Table I and Fig. i of that paper, where the types are described in more 
detail and illustrated by diagrams 

According to the general theory there are six fundamental types of sym¬ 
metry, axial symmetry, screw, symmetry and four types of central symmetry, 
twofold, threefold, fourfold and sixfold, these latter being invariance to 
rotations, respectively, a half, a third, a quarter and a sixth of a complete 
revolution There arc in addition a number of compound types Since in 
the special theoiy of the present Section the operations contemplated are 
restricted to those which maintain the horizontal and vertical directions of 
the lattice lines, there aie no types corresponding to threefold and sixfold 
central symmetries; and [U] and [C] symmetries correspond respectively to 
simple twofold and fourfold central symmetries (W2 and Wio). 

Axial and screw symmetries give rise, in different ways, to the identity of 
a design and its reflection On an axially symmetrical design it is possible to 
locate the reflecting line so that there is exact coincidence between the various 
features of the reflection and those of the overlaid portions of the onginal 
design, the reflecting line then lying along a '"symmetry axis". With a 
^ screw symmetrical design, this is not possible, but the reflecting line may be 
located so that this coincidence is obtainable if the reflection is displaced in 
the direction of the line by an amount equal to half the distance on which 
the design repeats in that direction, the reflecting line then lying along a 
"screw axis". On an extended repeal of either type of design, these axes 
form a set of parallel lines, evenly spaced 'at half the distance on which the 
design repeats in the direction noimal to them 

The distinction between axial and screw symmetry is not directly lelevant 
to the theory of the present Section, for with either type the reflection does 
not change the cycle of steps * and actually the mirror symmetries (V, H, R 
and L) exemplify among them both types Except in the solitary instance 
of the design of period 2, axial symmetry is impossible along warp way and 
weftway axes, and designs with [V] and [H] symmetry exemplify simple 
screw symmetry (W4), and those with [UVH] symmetry a compound type 
with screw axes in two mutually perpendicular directions (W7). 
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Axial symmetry is possible, however, in the two diagonal directions, and 
both this type and screw symmetry are exemplified by [R] and [L] sym¬ 
metrical designs If they are non-sub-penodic they exemplify a compound 
type {W8) with alternating parallel screw and symmetry axes. If they are 
sub-periodic, they may exemplify any one of three types, simple axial sym¬ 
metry (W3), simple screw symmetry (W4), or the above-mentioned com^ 
pound type (W8), these possibilities being closely related to the character of 
the basis of enlargement. Designs with [URL] symmetry, if they are non-sub- 
penodic, exemplify a compound type (W9), in which parallel symmetry and 
screw axes alternate in both of two mutually perpendicular directions Sub- 
periodic [URL] symmetneal designs exemplify among them four types in the 
general theory, the above-mentioned compound type (W9), and the types, 
characterized by symmetry axes in two mutually perpendicular directions 
(W5), by similar screw axes (W7), and by symmetry axes in the one direc¬ 
tion and screw axes m the other (W6). 

Designs with CG symmetry combine the criss-cross of warpway and 
weftway screw axes, characteristic of [UVH] symmetry, with a criss-cross of 
alternating diagonal symmetry and screw axes, charactenstic of the [URL] 
symmetry of non-sub-penodic designs This exemplifies a type (W12), which 
is one of the two compound types m the general theory involving fourfold 
central symmetry The other type (Wii) is exemplified only by the single 
design of period 2 ("plain weave "), m which there arc symmetry axes in 
the two diagonal directions, and alternating symmetry and screw axes warp¬ 
way and weftway 

It is beyond the scope of the present paper to do much moic than desenbe 
bnefly, m the above manner, the relation between the types m the two theories. 
By plotting the designs of Table VI, it may readily be shown that they 
exemplify the types in the general theory as stated above. As illustrations 
of the less usual modes of exemplification, exhibited by certain varieties of 
sub-periodic designs, five designs are shown m Table VII In this, the sym¬ 
metry of each design is specified according to both theones, a reference being 
given to the numbered types in the paper of H. J. Woods, and each design 
has been given a reference letter (A, B, etc.). It has not been considered 
necessary to include designs with [L] symmetry, since they may easily be 
denved from designs A and B by conversion of the arrays of steps to com¬ 
plementary arrays. 

These five designs illustrate simple methods of synthesis of the various 
types. Design A is formed from a motif having axial symmetry about the 
nghtward-upward diagonal of the cell in which it is contained, the motif being 
distributed on a "plain weave " basis. Design C is formed similarly from a 
motif symmetneal about both diagonals of its cell. (This double symmetry 
is a sufficient, but not necessary condition for the type W5, the design (252)*^ 
for example, being formed from a motif symmetneal about only one diagonal, 
and yet having this type of cymmetry ) Designs B, D and E are based on a 
sub-division of the cell into quarter squares, and the means adopted for 
obtaining the vanous types of symmetry are fairly evident from graphs of 
the designs. The vanous synthetic processes may readily be made more 
general by adopting other suitable bases of enlargement, and spreading the 
design points over more than one set of cells 

If designs with none of the symmetries of the group are regarded as con¬ 
stituting a type in the theory of the present Section (corresponding to the 
type Wi m the general theory), and if the design i® is included as the sole 



T748 45 — Enumeration Problem in Textile Design Part II—Shorter 

exemplification of the type Wii, it will be seen that the elementary design 
exemplifies all the types in the general theory, twelve in number, which do 
not involve threefold or sixfold central symmetry. There is, however, no 
correspondencein the mathematical sense, in either direction, between 
the two senes of types, that is to say, there is not, for each type in one 
theory, a unique coriesponding type in the other. 
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46—THE POROUS PLUG AND FIBRE DIAMETER 
MEASUREMENT. 

EFFECT OF FIBRE ORIENTATION AND USE OF 
PLUGS OF RANDOMIZED FIBRES 

By S L. Anderson and F. L Warburton 

{Copyright by the TtxUle lustttute) 


1 . INTRODUCTION AND SUMMARY 

In a previous paper Casbie^ discussed the use of plugs of parallel fibres 
for' determination of fibre diameter by an air flow method. The fibre 
diameters of a range of wool tops were found from the projector and the 
shape factor k in the Kozeny equation was determined from air flow results. 
A further investigation has shown that the degree of fibre parallelism in tops 
may be sufficiently vanable to make the use of parallel plugs inaccurate in 
particular cases for determination of diameter. If diameter is measured by 
some other method, the air flow results on parallel plugs throw light on the 
amount of fibre parallelism 

For more accurate determination of fibre diameter a method of preparing 
packed beds of cut and randomized fibre pieces has been developed which 
gives results independent of the initial fibre arrangement. 

A modification of the original equations is discussed, which allows for 
slip of the gas molecules at the pore boundaries 

2. EXPERIMENTAL DETAILS 

The apparatus which is shown in Fig. i is substantially the same as that 
described in the earlier paper but modified in the light of expenence A is 
an inverted aspirator bottle fixed to a stand and connected by rubber tubing 
to the container B which is open at the top. The plug of fibres is formed in 
a short length of brass tube C pushed into the hole in the rubber cork and then 
into the mouth of A as shown The container B is then lowered to a stop 
near the base of the stand and the liquid (distilled water) begins to use in B 
and draws air from the room through the plug. The time taken for the 
level to rise from the marks o to 3 on B is taken and the fibres are then 
pushed out of the tube and weighed. The time taken for the level to nse 
from o to 3 with no fibres present is also obtained and this correction is sub¬ 
tracted from the observed time.* Since air from the room is drawn through 
the plug the apparatus is used at constant temperature and relative humidity. 

Measurements of fibre diameter were made with the projection micro¬ 
scope in the usual way The fibre pieces were previously conditioned at 
65 per cent. R.H. before being dispersed in the mounting medium, cedar 
wood oil, which prevents any further change in regain of the wool ^ 

* This correction is to allow for the back piessure due to the viscosity of the liquid, 
t P 

given by If this is subtracted from P m any of the latei equations given it will 

be found equivalent to subti acting to from the observed time. 
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3 . CORRECTION FOR SLIP AT THE BOUNDARIES OP THE AIR SPACES 
' The relevant nomenclature is repealed for the sake of completeness. 
i 4 = area of the plug cross-section. 

P=mean pressure across the plug. 

L=* length of the plug 

volume of the plug =.4 xZ 
fx—ihe viscosity of air. 

u—lhe volume of air passing in time t measured at the mean 
" pressure (atmospheric pressure— P/2) 

c2==the mean fibre diameter determined by the microscope 
cr=the standard deviation of diameter 
c=the fractional coefficient of variation=cr/J 
d==^the mean fibre diameter for the plug= 
di = actual fibre diameter at any point 
p=density of wool 
M=mass of wool in the plug 
k = 2i dimensionless shape factor 

f-porosity or free air space per unit volume of plug==i-M/pF. 
surface area per unit volume of material 

In the previous paper the relation between d and d was not considered in 
detail since it was assumed to be approximately constant for tops and there- 
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fore included m the shape factor However, since the diameter enters into 
the formula in a more complex manner when the the correction due to slip 
at the boundaries is taken into account further consideration must be given to 
this relation. In the usual derivation of the equation the diameter does not 
directly enter into the formula but is calculated from the surface area per unit 
volume, S, The complete expression for S is, 

^ S=j4^didl — ^nd^dl 

the integrals being taken over the total length of fibre in the plug. 

Hence 5 dl Hdl-ld^^ dl j^dl = 4 rT- [d^] 

where 5 is the length-proportioned mean diameter (as determined by the 

microscope), and {d^) is the similarly proportioned mean square diameter. 
Hence S 

where d=:{d^)ld 

Now |(<ii-S) 4 . 5 |* = (i) 2 +a 2 

hence <«= =5 j(i+a2/(5)a| 

^d(i+c^) . 

The fundamental equation given in the previous paper was originally 
derived for liquid flow through granular beds, and it was therefore assumed 
that the layer of fluid at the pore boundaries was stationaiy. However, when 
the mean free path of the fluid molecules becomes an appreciable fraction of 
the pore size, the thermal agitation of the molecules gives rise to slip at the 
boundaries and a correction must be applied for this in the same way as is 
done with small capillaries In the latter case this results in the flow being 
increased by the factor® {i + 4\/a) where A is the slip coefficient and is related 
to the mean free path of the gas molecules, and a is the radius of the capillary 
In the case where the pressure drop across the capillary is not negligible com¬ 
pared to the mean pressure the value of A corresponding to the mean pressure 
IS used. 

Various aulhors^’^ have applied this correction to flow through granular 
beds obtaining slightly different results and these have been discussed by 
Carman and Arnell ^ Rigden^ applied the correction by employing the con¬ 
ception of the mean hydraulic radius as applied to the capillary, and directly 
transferring the results to the porous plug Carman and Arnell consider that 
Rigden's correction is too small and give a different correction based on those 
originally due to these two authors individually.®*® 

However, Williams®*® has shown that the ratio of the slip coefficient to 
the mean free path can vary from o 85 to i 41 according to assumptions made 
in the derivation, and prefers to take Knudsen's semi-empincal value for the 
slip coefficient 



where p is the mean pressure in the capillary and pa is the density of air. 
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Substituting for p^^pjRT where R has the value (m dynamic units) 
2 8703 X10“ for dry air, and T is the absolute temperature, 


.=o.eit Im-. 

3 p\f ^ 


w 


If this value of A substituted for o 875 x mean free path in equation (10) 
of Rigden^s paper it becomes identical with equation (8) m Carman and 
Ameirs paper for the particular case of ko~i*6g, which is very close to the 
value obtained for triangular pores, and which is found to apply for fibrous 
plugs with fibres onented parallel to the direction of flow. Knudsen's value 
for A can thus be used in Rigdcn's equation, which, when wntten in the form 
of the previous paper for determining both d and p, becomes 




f i6k/tivL^p] 

\ Pd^ f 



8A 

d{pVIM-x) 



( 2 ) 


The relation between (M'/ty and M is thus not quite linear for a given plug 
and there appears to be no simple method of plotting which will give both 
and p together. The value of A for air at normal pressure is about o*i 
micron and the curvature is sufficient to make the mean slope of the curve 
over the range of porosities encountered deviate appreciably from that of the 
straight line going through the point {W lt)^ = o, 

However, if the value of the density is known or can be measured by 
other means the equation for the detemiinalion of d (being the positive root 
of the fundamental equation) becomes 




pV~M\\jPt{pV-My^) 


(3) 


and d may thus be found directly frojn the experimental values of the right 
hand side of the equation. The approximate per cent error in d due to 
neglecting A is given by 


— 4 fO (4) 

ae 

which increases as the factor {i-e)/ ^ and hence as the porosity e becomes 
small 


For the most extreme conditions likely to be met with wool fibres, t,e. 
d^i6 microns €=0*45 this gives an error of 3 per cent Fig 2 gives this 
error for other values of e and d. 

The present section is more concerned with the determination of k from 
known values of d and the corrected equation for this is 


dm(pV-M)^( SJ/ M \ 

x6pvpLm^ I ^ VF- M/ J 


( 5 ) 


The approximate percentage error in k due to neglecting A is given by 


Ak%=- 


80M 

d(pV-M) 



(6) 


which using the value of A. given by Knudsen's relation is 6 i per cent, for the 
values of tlie diameter and porosity given above The error in k for other 
values of d and f is shown in Fig. 3 
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20 30 ^0 20 30 iO 


d (MICRONS) d (MICRONS) 

Fig, 2 Fig 3 

Error in d due to neglecting A» Error in /t due to neglecting A. 

In this paper the values oi d or k determined from equations (3) or (5) 
will be used, although the error due to neglecting A is generally not much 
greater than that due to variability of results. 

4. PARALLEL PLUGS 

Plugs of fibres prepared such that the direction of air flow is parallel to 
that of the sliver, will henceforth be termed '"parallel plugs". They are 
made by pulling one or more doubled lengths of sliver through a short brass 
tube by means of a loop of string. The protruding sliver is cut off flush with 
the ends of the tube by means of a sharp razor blade. Fibres containing oil 
are previously cleaned in ether and conditioned without disturbing the 
arrangement of fibres in the sliver. 

The effect of varying the plug length was investigated in an effort to 
reduce the sampling vanance of the results. Plugs of four different lengths 
between 2 and 10 cm were made and a series of 10 determinations of k was 
made using a top of known fibre diameter distribution Fig. 4 shows the 
coefficient of variation of k from which it can be seen that increasing the plug 
length to 10 cm gives a large reduction in variability The coefficient of 
vanation of k due to the fibre sampling vanance is negligible even for the 
shortest of tubes used, and the reduction is greater than can be accounted 
for by the reduction in experimental errors such as weighing or timing associ¬ 
ated with a larger mass of fibres It is possible that the fibres are not uniformly 
arranged but occur in domains of slightly different arrangement and/or 
porosity and these are sufficiently large for the variance to be sensitive to an 
increase in tube length 

Parallel plugs cannot be made with a porosity much less than o 45 and 
if greater than 0-7 packing is often far from homogeneous. Within this 
range the shape factor seems reasonably independent of porosity as may be 
seen from Table I which gives the shape factor denved from experiments on 
3 tops at 3 different values of porosity. Each figure is the mean of 3 results 
and an analysis of variance showed that the vanance between porosities was 
not significantly different from that between different samples at the same 
porosity 
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Table I 

Shape factor, Jfc, from plugs of different porosities 


Top 

Diameter, d 
microns 

k at Porosities 
0 684 0 578 

0 470 

1947B 

2S 3 

2 01 

2 04 

2 07 

1947C 

23 6 

2 06 

2 07 

2 08 

1947D 

1»5 

2 12 

2 12 

2 06 


For mcdullated fibres the commonly accepted value ior llic density of 
wool, 1*33;, must not be used but msicad the over-all density of the fibres. This 
may be found from the projector if fibre diameter and medulla diameter are 
both recorded. The correct value of p will then bo given by: 

where the sub&cnpt m refers to the medulla 



Pig 4 

Effect of increasing plug length 
on variability of k 



Effect of fibre arrangement 

If the fibres in a sliver are all strictly parallel and reasonably circular in 
cross-section the pore cross-section for a parallel plug may be expected to be 
very little different from that of a triangle if the fibres are just touching. The 
corresponding value of k has been given by Carman” as i 67 * If the fibres 
are not parallel the value of k would be different due to the change in the 
pore cross-section and the more tortuous paths of the air through the plug 
resulting in an increase in k as soon as the parallel arrangement was departed 
from. As tops vary in their degree of fibie parallelism it was thought to be 
responsible for the large variations in h often found between different tops 
when tested as parallel plugs. This would prevent the accurate determination 
of fibre diameter. Fine fibres being less rigid and more difficult to straighten 
by processing might be expected to show large values of k . That this is so in 
general may be seen from Fig. 5 in which are plotted shape factors for parallel 
plugs found from a good number of tops of varying finenesses It will be 
noticed that the coarsest tops give values of k approaching i 67 

If the value of k is critically dependent on fibre arrangement it was thought 
that its determination might provide a useful measure of fibre parallelism if 


*For fibres parallel to the direction of flow k is identical with 
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diameter was determined by other means, and experiments were carried out 
to see whether the test could be used in this way 

To get some idea of the largest likely variations a senes of determinations 
of k was made on top fibres in two ways, (i) as an ordinary parallel plug, 
(2) the same fibres removed from the tube cut up by scissors into short 
lengths, separated by hand and re-packed m a more or less random manner 
Table II shows the results of these tests and confirms the increase in k on 
departure from parallel arrangement. 

Table H 

Shape factors for different arrangement of the same fibres 


Top 

Fibre diameter 
(microns) 

A 

Parallel 

k 

Cut and separated 

1947A 

35 8 

1 64 

' 6 54 

1947B 

28 3 

2 06 

5 08 

1947C 

23 6 

2-08 

4 75 

1947D 

195 

2 10 

4 78 


An experiment was then made to determine whether relatively small 
changes in fibre arrangement could be measured Three samples of nylon 
staple fibres were available and these provided slivers of good regularity and 
small variability of diameter Parallel plugs were made up with the matenal 
in the form of (a) card sliver, (6) the same gilled with a draft of 4; k was 
determined from the air flow data and the fibre diameter found from the 
projector. The values of k arc shown in Table III from which it appears that 
the gillmg process has led to a small but definite decrease in k in each case. 


Table III 

Effect of gilling on shape factor for parallel plugs 


prifi 1 

Fibre 

diam 

Value of A for 

•LYXCi ItfVl ICLi 

(microns) 

Card sliver 

After .gilling 

5-m nylon S F. 

21-5 

2 60, 

2 27 

4-in. 

21 5 

2 59 

2*36 

2i-m „ 

215 

2 69 

2 38 


The value of k was then determined for wool fibres of about the same 
diameter at different stages of top processing and the results, given m 
Table IV, illustrate the gradual reduction in k with pin treatment 


Table IV 

Values of h for parallel plugs at different stages 


Material 

Fibre diameter (microns) 

k 

Pre-carded wool 

20—22 

6,94 

Card Slivei 

20—22 

2 35 

Top 

20—22 

2 05 

Woollen stubbing 

20—22 

2 68—3 06 


5. PLUGS OF RANDOMIZED PIECES 

It will be seen from Fig. 5 that for wool top fibres, k for parallel plugs 
ranges from i 6 to 2 5 and this could cause differences of about 22 per cent, 
in the determination of diameter These data on the effect of orientation 
suggested that accurate determinations of diameter would be possible only 
by some method which destroyed the initial orientation of the fibres and re- 
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imposed some regular or random arrangement It would be difficult to do 
this for long fibres but some success was secured by cutting short pieces of 
fibres and randomizing these by shaking up in petrol ether This technique 
will now be described in detail 

A 

^1 I ^ 

H-LJ L., j 




Fig. 6 

The fibre pieces were prepared on the simple cutter shown at A, Fig. 6. 
This consists of a ^ inch thick steel plate with a slot , j inch wide down the 
centre A slide D contains a tongue which just fits the slot The slot is first 
filled with top by taking lengths in two hands and pulling them down into 
the slot The slide is then pushed down hard and the fringe of top at each 
side of the plate cut off cleanly by a sharp razor blade. The fibre pieces in 
the slot are then pushed out and are of length about i 5 min The slot when 
full gives about o 4 gm. of fibre and as o 7 gm is required for one air flow 
determination, two fillings are used The pieces are shaken up for about i 
minute in a flask containing some 150 c.c of petrol ether This serves the 
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double purpose of destroying their initial arrangement and' cleaning them 
of oil, etc They are then decanted into a filter funnel and, when the petrol 
ether has drained away, are put m an open glass dish and left to condition. 

The brass tube into which the fibres are packed is shown in Fig. 6, B and 
C. It IS of nominal dimension A- inch internal diameter and effective length 
if inch. At one end it has a screw-top covered with a grille of fine holes. A 
second cap C screws on the other end and the upper end of this is also 
covered with a grille of line holes which projects about J inch into B when 
screwed on. The tube is accurately and smoothly finished, and its internal 
diameter and effective length arc determined as accurately as possible. 

An approximately constant porosity of o 7 is used, and with the size of 
the tube given corresponds to 0 7 gram of fibre This amount of the con¬ 
ditioned pieces IS weighed out and packed into B Packing is done carefully 
to ensure a bed of uniform porosity. Small amounts of fibre pieces are taken 
up in forceps, placed in the tube and pressed down with a smooth brass rod 
which just slides in The bed is pressed down in this way after each addition 
and masses of fibre much greater in size than the tube diameter should be 
divided up before insertion After the last addition the rod is removed and 
the cap C quickly pushed in and screwed on The plug is then placed in the 
apparatus and several determinations are made of the time of flow. When 
this becomes reasonably constant the plug of fibres is weighed to the nearest 
milligram 
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Fig 7 shows results obtained on 8 different tops of fibre diameters from 
20 to 40 microns The derived value of k is shown for both randomized and 
parallel plugs for two determinations in each case and the results are plotted 
on approximately the same percentage scale The scatter is much less for the 
randomized plugs 


Analysis of variance 

df 

Mean variance 

CoefE of 
variation 

Parallel plugs 




Between tops 

7 

0*1436 

19-0 

Between samples 

8 

0 0042 

33 

Randomized plugs 



4 1 

Between tops 

7 

0 0633 

Between samples 

8 

0 0046 

1*1 
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The analysis of vanance shows that the coefficient of variation of k has 
been reduced from 19*0 to 4 i and this is the figure on which the accuracy of 
the determination of d depends. Two determinations of fibre diameter on a 
top would give an accuracy of 2^-5^ per cent, using an over-all shape factor 
of 6-12. However, the correlation between shape factor and diameter is 
significant and use can be made of this to increase still further the accuracy 
of determination of d The dependence of Jfe on can be incorporated 
in the equation to give d and if this is done the following empirical equation 
is obtained which gives about 2 5percent, accuracy for d Thus 19 out of 20 
times a pair of determinations of d should be less than 2| per cent from the 
true mean diameter of the fibres 


Equation for d with randomised plugs at 20® G (non-medullated wool) 

M j / 2693^2.^ 




\ I I 

^)j -4-4f 


(7) 


pV-M^\Pt{pV 

where d is given in microns, P is expressed in cm of water, i in seconds, 
p = i 31 and other quantities in CGS units. 
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47—AN AIR-TEST FOR MOISTURE IN COTTON 

By W Lawrence Balls 

{Copyright by the Textile InsUtute) 

INTRODUCTION 

The number of tests made yearly by the Alexandria Testing House in 
Egypt began to exceed ten thousand when it was five years old, A disturb¬ 
ing possibility emerged during consideration of its future, to wit, that it 
should theoretically be prepared for development to an output whereby the 
whole Egyptian cotton crop ivas tested not once, but twice, once on arrival 
in Alexandria as country bales, once on departure as export bales. This 
would necessitate between two and three hundred thousand tests annually, 
and the prospect of developing to such an extent upon a basis of the slow 
and cumbersome procedure of oven-tests did not seem attractive. The 
investigation of alternative methods appeared to be worth a good deal of 
trouble.’^ 

Capacitance hygrometry was first tried out,^ succeeding up to a point, 
but quite failing to meet test-certificate requirements. Then a fresh investiga¬ 
tion was started of the method here described, and by 1940 we had five sets 
of air-test apparatus available, each able to produce eleven tests an hour, 
or nearly 200,000 a year for the five. Computation and checking were also 
quicker, but the staff of samplers and transport workers would have remained 
unaltered, though all weigher's operations would have gone, so that the sub¬ 
stitution of a six-minute test for a nincty-mmutc test was only a partial 
solution 

Also, the significance of the air-tesi result was limited by the hysteresis 
loop, which brought the standard deviation up to about 0*25 per cent., or 
2 50 % % approximately. This was far too large, except for an emergency. 
Further investigations by which it had been hoped to eliminate the hysteresis 
error weie stopped by war work, and the method thus remains of moderate 
interest only. 

It may be added that the speculations on possible demands which started 
these investigations were soon justified Nine years after beginning operations 
the Alexandna Testing House did nearly 200,000 tests in one year, on an 
equipment of eighty-four ovens The nullionth test certificate^ was issued in 
its fifteenth year. 

THE METHOD 

The air-lest consisted in withdrawing air from the cotton sample (actually 
with re-circulation) and measuring it^ humidity, this being first expressed as 
milligrammes of water per htre of air, and then converted to relative 
humidity at the temperature of the cotton sample From the result of sub¬ 
sequent oven-tests on each sample thus examined one obtained graphs sucli 

* As president of the Board of Trustees of the Alexandria Testing House from its 
inception in 1932 until shortly before its millionth test-certificate was issued in 1947 , the 
writer was primarily concerned with policy and anticipations The Air-Test was 
ready as a stop-gap had the testing-house been destroyed after Italy declared war. 
Fortunately we escaped serious damage, though narrowly. The achievement of full 
theoretical output when using the standard gravimetric methods, which had appeared 
to be improbable undei Egyptian working conditions, was nevertheless reached through 
the foresight and organization of the Managers 
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Fig IA 

pRiscrsiON WiEr Bulb General View 

A—Roof opens, B—Lens slider for intake theimometer , C—^Front opens, 

F—^Movable intake (or outlet), B—Four turns of copper tubing in (E) Water Bath 
of dilute copper sulphate , G—Three point slider for dry-bulb lens, H—^Three’point 
slider for wet-bulb, I—Sheet metal legs of cupboard, fitting over water-bath, 
J—Counter-weight for dry-bulb lens , K—^Two-mmute sand-glass , L—Speed Control 

Switch of pump 
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Apparatus idle, with wet bulb resting ni leseivoii of meicunc chloride, the diaphragm 
being deflated, and the manometer of the venturi meter at zero 



Apparatus working Air passes through the venturi, raising its manometer reading to 
the value required, then downwards to the left, through the copper coil in the water-bath. 
Leaving this it passes over the dry bulb and then over the wet bulb, which has been 
raised by inflation of the diaphragm Emerging from the water-bath it leaves the casing 
on the same side by which it entered 

Fig IB 

Front views, with glass door which carries reading lenses swung open. 
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as Fig 3, showing the relation between moisture content of the cotton and 
the relative humidity of the air inside it 

The technique has two components. The first is the method for measuring 
the moisture content of the extracted air, which has been described else¬ 
where,** and so need only be summarised here, ,with the addition of 
unpublished illustrations (Fig i) The second is the method for extracting 
the air from the cotton, and for measuring the temperature of the cotton, 
this latter is the principal object of this note, but we shall not attempt to do 
more than indicate the complications of moisture and temperature which had 
to be studied. 

Outline of the Hygrometer Design. 

Certificated mcrcury-m-glass thermometers used inside a limited range of 
temperature are very dependable over long periods, and for this reason the 
wet-bulb was used m preference to other methods more liable to zero-shift. 

Air extracted from the cotton, and returned to it through a diaphragm 
pump (Fig i) with speed control, was passed through a coil of small copper 
tube immersed in a ten-litre water-bath at room temperature. The bath could 
be warmed if necessary, but was not thermostatic. Also immersed in this 
bath were two mter-communicatmg stoppered glass tubes, containing each a 
qmck-response thermometer (of sling-psychromeler type) which was read to 
estimated tenths of one degree Fahrenheit by an anti-parallax lens 

The tube containing the wet bulb was expanded below into a reservoir 
filled with 0*1 per cent, mercuric chlondc The use of this dilute antiseptic 
instead of distilled water is a most important detail. Dunng routine use of 
the apparatus in these highly critical detcx'mmations it was found that the 
well-known deterioration of the wet-bulb wick was so much accelerated in 
summer-time that it could be detected after one day's use, suggesting a 
biological causation The remedy is so effective that a wick which had stood 
idle in the apparatus for four years gave normal readings when brought back 
into use. Occasional additions of distilled water made good evaporation 
losses 

The wick was a braided cotton sleeve just covering the bulb and normally 
immersed in the reservoir, but the thermometer was lifted automatically into 
position for exposure and reading by air-pressure acting on a flexible 
diaphragm when the pump was started The air coming from the copper 
tube impinged on the dry-bulb, then on the foot of the lifted wet-bulb, 
leaving it opposite the lop of the wick in a condition of extreme turbulence, 
and at a known velocity of 6 metres per second determined by the size of 
stainless steel inlet and exit liners, and by measurement through a ventun 
throat with its mercury manometer which was included in the air circuit. 

Fixing the air-dischargc on the pump control at 6 litres per minute by 
the indications of the venturi meter standaidised the air-speed as well as the 
condition of the wick Readings made to 0 F. gave open-scale values to 
the nearest 0^5 per cent R.H. when room temperatures were around 
70-80° F , the scale could be opened out for lower room-temperatures by 
warming the water-bath Constant reading of temperature was reached 
within two minutes, which were timed with a sand-glass; if the times are 
noted on a clock-face there is liable to be mental confusion with the numerical 
values of the thermometer, and consequent needless fatigue. The tempera¬ 
ture drift of the dry bulb (^.e. of the water-bath) was very slow and therefore 
self-chccking 
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Computation was graphic, by needles pricked into a cork-backed chart 
enlarged photographically from that published by the Carrier Engineering 
Co. On this the milligrammes per litre determined by the hygrometer 
readings were converted to relative humidity in the cotton by a second needle 



Fig 2 Section of tin box m the in sheath and pneumatic 

m perforated lining within the double wall, long thermometer m sneatn, an f 
^ washer below 


pncked in when the third temperature, that m the cotton, had been ascer¬ 
tained It should be noted that the precise formula employed for converting 
bulb differences to relative humidity is immatenal, so long as it is always 
the same, within the narrow requirements of a tesbng house s mat<*ing ot 
readings to the cotton content Jellmck’s tables were available, but the 
Carrier graph was convement 
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Arrangement and Treatment of the Cotton. 

A cylindrical box (Fig. 2) rather more than a foot high and eight inches 
in diameter was provided with a ** pneumatic washer ** as a hd. It was all 
arranged to weigh as little as possible for expenmental purposes, though 
weightmess is immaterial for routine testing. This pneumatic washer is a 
convenient way for sealing at any level in the Im; a shortened bicycle inner 
tube with valve lay in the periphery of a flanged tin cover which would 
drop freely into the tin box and on to the cotton placed inside, a lead weight 
placed on the washer gave fairly constant compiession to all samples. A 
few strokes from a bicycle pump inflated the tube, thus sealing the clearance 
between the washer-flangc and the wall of the box In the hvc washers as 
actually made and used there was a constructional defect which risked 
occasional slight leakage of air, and consequent error, this defect lay in the 
fact that although the tin-work was made smooth at its seams, and the joint 
in the rubber tube was bevelled, yet the latter did not always he perfectly 
flat and was thus liable to a tiny leak which might bring a trace of room air 
into or out of the system. Rubber tubes vulcanised without a lap joint, or 
with a seam running round the upper or lower side, were the obvious require¬ 
ment, but were unobtainable locally at the tune they were needed 

The fixed end of the box was perfoiated centrally and reinforced with a 
flange to take a rubber cork This cork earned a long glass lube with a side 
inlet, and a long quick-iesponse thermometer m its middle, the bulb was 
protected by a Ihin-walled Duralumin tube extension of the glass tube The 
flanged hole led into a Duralumin lubi' slightly larger than the thermometer 
holder, projecting into the centic of the box Thus when the box was filled 
with about half a kilogram of cotton (the usual size of sample) the bulb of 
the long thermometei could be slipped in to the ccntrt‘ of the mass, with 
very little metal round it, and with a liec an-way past it through the glass 
tube, to or from a nozzle in the centre ot the pneumatic washer 

The whole box was contained permanently in another one slightly larger, 
with quarter-inch clearance set by small lubbei blocks, forming a double 
jacket for better thermal insulation when being handled. After filling with 
cotton and sealing pneumatically, the double-walled box was inverted (Fig, 2) 
on a low stool so that pressure tubing could be connected from the nozzle in 
the centre of the washei to one side of the hygrometer unit, while the other 
side was similarly connected to the side tube of the long thermometer casing 
By so connecting that air was sucked past the bulb from the centre of the 
cotton one should initially obtain its temperature This temperature would 
change, of course, towards the temperature of the water-bath on prolonged 
running, were it not for the Masson effect produced by the few milli¬ 
grammes of water evaporated from the wet bulb, which causes the cotton 
to generate heat through absorption 

This Masson effect, small though it was, alrtiost nullified the great 
advantages of the wet-bulb technique. With the connection made as just 
described there was a rapid concentiation of this water, giving false tem¬ 
perature as well as false humidity 

Eventually a satisfactory routine was obtained by compromise Inside 
the box was added an inner lining of perforated and corrugated thin metal, 
which extended over the fixed end, as well as being formed into a loose 
cover under the pneumatic washer (Fig 2 ) Air could then freely enter or 
leave the mass of cotton over its whole outer surface, A two-minute run was 
first made with the wet bulb thermometer prevented from making its automatic 
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rise into the air-stream, with connections made so that the air was flowing 
from the outside to the centre of the mass. This run provided the tem¬ 
perature of the cotton. Then the connections were reversed, and the wet 
bulb released to function for another two-minute run. Now the Masson 
effect was localised where the air entered in the centre of the mass, but the 
air thus warmed had a slow and long passage through an expanding path to 
its emergence all over the outside of the masa, and so had a water-content in 
equilibnum with the outer layers. 

It should be noted that the hygrometer unit and the tube leads contained 
less than i per cent of the volume of air in the cotton, and that the latter 
was about the same as the volume of air pumped per mmute, as fixed at the 
venturi gauge. No difficulty was found in getting reasonably uniform packing 
of the cotton m the few seconds which might be allowed to elapse between 
opemng the sealed and air-tight sample container and replacing the pneumatic 
washer, any such exposure is a source of error The operator used nibbex 
gloves in sweaty weather 

RESULTS OF TESTING 

Using the method of flow-reveisal as desenbed, some long senes of dual 
observations were specially fitted into the routine of the Alexandna Testing 
House as works* trials, all incoming samples being air-tested by Mr. S. 
Blattner on their way to the oven-test. The results from the last series 
obtained before the interruption of war are plotted in Fig 3. A few points 
appear to be slightly distorted by the small and erratic leak at the pneumatic 
washer tube-joint, already mentioned, but the general result is tolerably 
good. Evidently it would be much better if hysteresis could be eliminated; 
the standard on or of any one determination is approximately 2*5%%, 
about a dozen points lie well clear of the dotted lines w^hich indicate the 
twenty-to-onc chance of ±5^0%%, and these arc mostly suspect on the 
available records of room-air conditions 

A test showing thjs degiee of uncertainty through hysteresis is more usable 
in working practice than would be apparent at first sight, provided that it is 
free from drift, and also cheap and quick We had no drift, the five sets 
cost jfSo in all dunng 1939 apart from our labour in making up components, 
and Mr Blattner did eleven tests an hour for three or four hours at a sitting 
without undue fatigue The vanous errors in the procedure of moisture testing 
have been discussed m an Alexandna Testing House duplicated paper, and 
the following exceipts about ascertained standard deviations are relevant to a 
possible use of the air-test, even in its present imperfect form' 

{a) S D. of oven-test itself on identical samples i 04% % 

(6) S D. of different samplers on the same bale 2 14% % 

(c) S D. of contents of country bales in the same "'lot** 4-16 % % 

The combination of {a) and [h) gives 2 40 % % for the oven-test result 
denved from different samplers drawing from the same bale Further com¬ 
bining this with (c) gives an S.D of 4 80 % % for the test result on any one 
country bale in a '‘lot'*; the bale-to-bale vanabihty dominates the situation, 
and can be reduced only by sampling from more bales Under the inter¬ 
national agreements for testing procedure wath cotton the samplers take one 
bale at random out of every ten for oven-tests. Their work would be nearly 
doubled if two bales were taken, but the use of the air-test would effect a 
compensating reduction at the other end by eliminating the weighing balanccb 
and the oven-room Substituting for (a) the much bigger 2-50 % % of the 
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air-test, but dividing (c) by the square root of two, the re-calculated com¬ 
bination of errors is substantially the same as before, with the advantage of 
fuller sampling from the smaller lots. 



R.H. % (air test) 50 60 70 

Fig. 3 DUPLICATED TeSTS ON ROUTINE SAMPLES OF IHE ALEXANDRIA TESTING HOUSE. 
Air-tested hy S Blattner before passing to the oven looms, June, 1940 
Time taken was 16 hours, including some luncheon breaks, for 140 tests 
Dotted hues lepiescnt 5 %% deviation from the mean of the hysteresis loop as shown 
on p 30 of “ Studies of Quality 111 Cotton,” and so concbponed to iho 20-1 chance for 
an S Dv of 2*5 %%. Since the S.D. of the oven test at i 04 must be compounded with 
that of the an test in this diagiain, it followb that only 10 dots 111 J40 exceed this error 
for the air-test^ a structural defect may have caused some of them 
Copied from duplicated Monthly Reports of Laboratory Research Committee,” 

Gi;:!a 1940, p 192 

My thanks are due to my colleagues the Trustees, and especially to 
Mr. D. A Newby, of Hewat Bridson and Newby, the chartered accountant 
managers of the Alexandria Testing House All possible assistance was given 
as usual by the works superintendent, Mr E. Gonzi, and his staff. The help 
in experiment provided by Mr. S Blattner as a special assistant was most 
valuable, both at the Cotton Research Board in making up the five sets of 
apparatus from components, and at Alexandria in systematic tnals. 
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Letters to the Editor 

THE TEMPERATURE OF CONTRACTION OF FIBRES 
AS AN AID TO IDENTIFICATION 

It has been known for some time that Vinyon fibres placed in very hot 
water contract to a small part of their onginal length Aside altogether from 
the textile significance of this special property, it provides a unique means of 
identification since there are now no other fibres which behave in this way 
at this temperature» Many of the new synthetic fibres also have this 
property of contracting when heated It was thought to be probable that 
the temperature at which the contraction occurs (in the case of non-crystalline 
fibres like Vinyon this appears to correspond to the second order transition 
point of the polymer^) would be a useful index to the kind of fibre present. 

To measure the temperature of contraction a simple means was required 
of heating the fibres to a known temperature whilst observing the changes 
of length m them A simple apparatus was made for this purpose 
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After some trials a metal block was designed to measure the contraction 
temperature of fibres It was machined from a copper casting to the shape 
shown in the figure The dimensions of the block are not in any way critical, 
but those indicated have been found convenient m use The shape and 
general dimensions were chosen to prevent any direct heat reaching the 
fibres from the burner used to heat the block This is an impoitant precaution 
The block is drilled to provide a thermometer pocket. A, about 3 cm 
deep and at B is shaped to a smooth curve as shown At C there is a groove 
about I 5 mm wide and 4 mm deep at the top, which tapers off m depth 
' to nothing at D The groove is symmetrical on both sides 

In use the block is clamped in the boss of a retort stand by the mild 
steel rod E which is screwed into the block and made firm there with a lock nut. 
The boss is adjusted to a convenient height so that ihe overhanging portion 
of the block, F, can be heated with a bunsen flame A little medicinal 
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paraffin oil is placed in Iho thennometer pocket before inserting the thermo¬ 
meter to provide good thermal contact with the metal of the block. The 
fibres to be tested are passed over the block and laid in the groove. A 
situation free from draughts should be chosen and heating of the block begun 
The temperature should be noted at which contraction, or as the case may be, 
melting takes place. It is convenient to do a quick test m the first expen- 
ment to get the approximate temperature and then to cool a little and repeat 
with slow heating near the contraction temperature. In this way the tem¬ 
perature can be observed to within a few degrees With a few fibres with 
contraction points at temperatures near the melting point there is a tendency 
for the fibres to stick to the block and to hinder the contraction. If it is seen 
that there is any tendency to stick, the fibres should be momentarily pulled 
aw^ay from the surface and then allowed to fall back in the groove again 
Carried out in this way the follow'ing results were obtained 


Fibies 01 
monofil 1 

. 

Conti action 
temperature 

Melting 

point 

Vinyon 

80/3 

200/10 

Rhovyl 

90 

200/10 

Pe Ce 

100/10 

200/10 

Vinyon N 

140/5 

190/200 

Sarau 

145/55 

150/60 

Perlon U . 

none 

170/5 

Fortmese 

225/30 

245 

Terylene 

235/40 

250/5 

Nylon 

none 

240/50 

Wool 

240 

chars 

Silk 

none 

chars 

Orion 

none 

chars 


The table shows that there are now large differences bctwx'on the different 
fibres in respect of their contraction and melting behaviour In the future 
new fibres may become available with pioperties intercalated between these 
so that the differences may become less distinctive, but nevertheless the con¬ 
traction and melting point temperatures will be useful for identification. 
Properties such as molecular weight affect these temperatures somewhat,^ 
and it may be expected that new fibres w^hich have not yet reached their final 
development may be somew^hat changed, and as a consequence their 
shnnkage and melting point temperatures may vary a little from those shown 
in the table, but at present there are such large differences between most 
fibres that this should not cause seiious confusion 
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A MICROSCOPICAL EXAMINATION OF 
WORN TEXTILE ARTICLES 


J. Taxi. Inst, 1949, 40, T449-T480. 

It has been brought to the notice of the wnter of the above paper, that 
certain statements in it have been, or can be, lielS to imply that a low 
fluidity m cellulose textiles is relatively unimportant; or that its importance 
is less than had previously been supposed. None of the results reported in 
the paper justifies such a conclusion, and if any part of it has been inter¬ 
preted in this sense some further comments are necessary. 

Earlier workers have submitted cotton yarns of simple construction to 
progressively more drastic chemical treatments under the most uniform con¬ 
ditions attainable m careful laboratory work. The resulting materials show 
a progressively rising fluidity accompanied by a progressively falling break- 
mg load. By means of a scale constructed m this way it becomes possible, 
with certain reservations, to say that a given fluidity '"accounts for'' or 
" corresponds to ” a certain percentage loss in breaking load. The scale per¬ 
mits a fluidity measurement to be converted into an "equivalent loss in 
strength ", or what may be called a " chemical deterioration 

The merit of this procedure is that it enables "fluidity" to be translated— 
for the benefit of the technically uninformed—^into the more familiar concept 
of loss in strength, or "tendering". Its disadvantage is that the scale of 
equivalence between fluidity and loss in strength is in a sense an artificial one. 
Under actual condition^, the chemical treatment of cotton goods may not be 
uniform, and tlie diemical attack may be localised; the very construction of 
the textile material may militate against uniformity of access to the chemical 
agent. When the chemical attack is very localised, the fluidity measures its 
average intensity, whilst the strength is determined by its maximum intensity. 
The scale of equivalence obtained from laboratory experiments designed to 
secure uniform treatment would then no longer apply. In the sense in which 
the words are defined above, the fluidity would no longer " account for " the 
tendering, and the "chemical deterioration" would appear small compared 
with the actual loss in strength. 

Further, shirts, sheets and other articles are not under actual conditions 
broken on a testing-machine immediately after bleaching or laundering. They 
are submitted to complex "conditions of wear" that produce a variety of 
mechanical effects in the fibres before tensions applied in service cause their 
breakdown. It cannot be assumed that, if breaking loads were measured only 
after the samples had been subjected to some ideally constant mechanical 
treatment closely imitating "conditions of wear", the same relation would 
be obtained between fluidity and percentage loss in strength as when strength 
tests are made without previous mechanical treatment. To study the 
mechanical effects of wear on the fibres, and to devise a machine to imitate 
them, were primary objects of the investigation described in the paper under 
discussion. 

The fluidity of cellulose fibres should be regarded as an important funda¬ 
mental property in its own right. Other things being the same, the textile 
qualities will be the better preserved the smaller the rise in fluidity during 
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blecichmg, lamxdering, and other chemical processes. This statement need 
no longer be justified by reference to measuiements of breaking load carried 
out on laboratory specimens. It is justified in a much more impressive 
way by many years of industrial experience in the use of fluidity control 

Gladys G, Clegg. 

The British Colton Industry Research Association. 


SOME OBSERVATIONS ON THE INFLUENCE OF 
FABRIC STRUCTURE ON FELTING 

In the current issue of the Jountah there appears a letter on the above 
subj'ect from Mr. Hill and Mr Kornreich (British Launderera' Research Asso¬ 
ciation). This is a subject of particular interest to students of fabric 
behaviour and is one which, whilst not having had the publicity it deserves, 
has not escaped the attention of research workers in the past. The 
phenomenon has been investigated in this laboiatory and the following added 
information will be found to be of inicrest. 

Examples of felled rayon fabric have been met from time to time. About 
15 years ago it was noticed, by Courtanlds* technologists, that sheetings 
made from viscose spun rayon felled after repeated launderings, if they were 
woven with a twill weave, whilst the same yam in a plain weave did not felt. 
No satisfactory explanation was put forward for this behaviour 

Felting is a function of the mobility of the fibres and yams in a fabric; 
this is clearly understood, but felting cannot lake place on a fibre with a per¬ 
fectly smooth surface. Therefore, when a fibre or yarn moves there must be 
a factor which permits movement m one direction whilst retarding it m the 
other. A fabric which, in its newly woven slate, does not felt, and then as 
a result of continued use involving mechanical and other treatments begins 
to show felting, must have undergone a modification involving changes to 
the surfaces of adjacent fibres. 

Witli severe mechanical abrasion the surface of a rayon fibre can be so 
broken up as to produce a distinct barbed effect, this effect is accelerated 
when the fibres are in a swollen state. 'Ilierefore when a '' barbed'' character 
has been developed on a damaged fibre, it is likely that a fabric would com¬ 
mence to felt, provided there is also fibre and yam movement at the same 
time, but in spite of fibre/yarn movement, felting cannot commence until 
some-barbs ** are developed. 

At the request of B.L.R.A. in December, 1947, a partially felted rayon 
tablecloth was examined in this laboratory. 

The tablecloth wa^ a particularly interesting example of felting since its 
design and constiuction gave a variation in twist/twill relationship. It was 
a border dobby satin faced cloth, woven on a continuous filament viscose 
rayon warp, with a spun viscose rayon weft. In two portions in which the 
twill ran downwards to the right, felting had occurred; in the other two por¬ 
tions with the twill in the opposite direction, felting had not occurred. 
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The cloth can be represented diagrammatically as * — 



In the felted areas the twill was down-to-the-ngkt and in the unfelted 
areas the twill was doim-io-theAeft The yarn was Z twist. 

Microscopic examination revealed that the continuous filament warp was 
barbed to a small degree, whilst the spun rayon weft shovved a more pi*o- 
nounced "barb'' The attached photomicrograph shows this effect A 
photograph of a portion of a felted and unfeltcd yam is also included, both 
are taken from the actual tablecloth 

That the continuous filament yarns were not felted may be regaidcd as 
evidence that without fibre/yarn movement, felting cannot take place, even 
with fibre surface damage The spun rayon had felted in ceitain aicas 
because there was more fibre/yarn movement in one area than another, 
although there was fibre surface damage all the way across the weft Thus, 
the only apparent difference in the pairs of areas, being a difference in the 
direction of twill, it was concluded that when the twist lay across the twill 
greater freedom of fibre/yarn takes place when the cloth is subjected to 
severe laundering conditions 

Since this particular investigation, spun rayon fabnes with varying 
twist/twill relationship have been woven to provide materials for study of 
the general problem, which study continues in this laboratory 

The writer wishes to express his thanks to Dr Whittaker, Mr John 
Boulton and the colleagues with whom this interesting phenomenon has been 
discussed 

H W Best-Gordon 

Courtaulds Ltd., 

Research Laboratories, 

Droylsden 
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48—THE FRACTIONATION OF STARCH 
Part IH—THE AMYLOSE-IODINE REACTION 

By R. S. Higginbotham 

{.Copyright hy the Textile Institute) 

By the use of a much wider range of iodine concentrations than has been 
used hitherto it has been shown that the absorption of iodine by amylose 
does not reach a limiting value other than that imposed by the limited 
solubility of iodine. The view of other workers that the absorption takes 
place in two stages has, however, been confirmed. In the first stage there is 
no simple relation between the amount of iodine absorbed and the free iodine 
concentration but in the second stage the amount of iodine absorbed is a 
linear function of the logarithm of the free iodine concentration. During the 
first stage the absorption spectrum of the absorbed iodine remains constant 
but as soon as the second stage is reached it begins to change in such a way 
as to suggest that the additional iodme is being forced into amylose helices 
which already contain iodine 

Amylose-iodine complexes can be formed either by the interaction of 
iodine vapour and dry amylose in the V-configuration, for example, amylose 
which has been precipitated by butanol,^ or in solution. The structure of 
the first type of complex has been investigated by X-ray diffraction and 
optical methods.^ The results suggest that the amylose molecules have a 
helical configuration with about six glucose units per hehx turn and that 
practically all the iodine is accommodated within the helices in the proportion 
of approximately one iodine molecule to six glucose units. Stein and 
Rundle,® postulating that the interaction between iodine and amylose is of a 
dipole nature, demonstrated by calculation that the stability of the complex 
would be expected to increase with increasing helix-length. They consider 
that the stabilisation energy is probably derived mainly from electrostatic 
and Van der Waals forces, but that the resonance contribution may be more 
important than the calculations imply. 

Investigation of the complex formed in aqueous solution is complicated 
by the influence of the iodide ions which are invariably present. Bates, 
French and Rundle^ observed that when iodine was added to a solution of 
amylose containing iodide, the activity of the free iodine remained very low 
and fairly constant until the amylose had absorbed from i6 to 20 per cent 
of its weight of iodine, depending upon the iodide concentration. At the 
lowest iodide concentration (o-oo5n) the proportion of iodine absorbed before 
any appreciable rise in the activity of the free iodine occurred was about one 
molecule to 6‘5 glucose units (24 per cent.), after correction for the presence 
of 15 per cent, of amylopectin. From this observation, and from measure¬ 
ments of the absorption spectra® and streaming birefnngence® of solutions of 
amylose contaming iodine, the conclusion was drawn that the structure of 
the amylose-iodine complex in solution is similar to that of the anhydrous 
complex. The fall in the amount of iodine absorbed with rising iodide con¬ 
centration was attributed to the partial replacement of molecular iodine by 
tri-iodide 10ns.® 
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The stabilities and absorption spectra of the iodine complexes of amyloses 
differing in molecular size have been shown to be related to the degree of 
polymensation of the amyloses; hence it has been deduced^*® that the whole 
chain of iodine molecules and iodide ions in any amylose helix forms a single 
resonating umt. Gilbert and Marriott,® however, think that the resonating 
units are small groups of the type 3X2 * aF when the amount of iodine absorbed 
is very small (0*5 per cent, or less). 

The purpose of the present investigation was to examine the reaction 
between pure amylose, iodine and iodide in aqueous solution over a range of 
iodide concentrations and the widest possible range of iodine concentrations, 
for hitherto only a small range of iodine concentrations has been covered 
Previous investigators, with one excegtion, have not employed pure samples 
of amylose, and although amylopectin acts merely as a diluent at very low 
iodme concentrations, at higher concentrations it absorbs considerable 
amounts of iodine. Consequently the iodide content and absorption spectrum 
of a complex prepared from an impure amylose may differ considerably from 
those of a complex prepared under the same conditions from a pure amylose 
and having the same content of iodme. 

DETERMINATION OF THE COMPOSITION OP COMPLEXES FORMED 
AT MODERATELY HIGH CONCENTRATIONS OF IODIDE 


The differential potentiometnc titration apparatus employed has been 
described in Part I of this series of papers^® and since the work was com¬ 
pleted Gilbert and Marriott® have described a very similar piece of equip¬ 
ment. The amounts of iodine absorbed by potato amylose at 35° C have 
been determined for free iodide concentrations ranging from 0 ‘ 002 N to 
0-05N and for free iodine concentrations ranging from lO^^Nto i* 5 xio'’®N. 
The amount of amylose in each test solution was so chosen that the amount 
of iodine absorbed was never less, and was usually much greater, than two- 
thirds of the total amount of iodme present After equilibrium had been 
reached the solution, contaming predetermined amounts of amylose, iodine 
and potassium iodide, and adjusted to pH 4, was placed in one vessel of the 
titration apparatus and a control solution whose iodide concentration was as 
nearly as possible the same as the free iodide concentration of the test 
solution, but which contained no amylose or iodine, was placed in the other 
vessel An iodine solution, having the same concentration m fiee iodide as 
the control solution was then gradually added to the latter until there was no 
potential difference between the electrode in the test solution and that in the 
control solution. The control solution and the iodine solution were also 
adjusted to pH 4. 

Let [I'Jc and [T]t be the concentrations of iodide ions, [SI]c and [ 51 ]« 
the concentrations of total free iodine, [IJ + Cra], and (^c and (Ia)« the 
activities of molecular iodine in the control and test solutions respectively 
when the P.D. between the two electrodes is zero. Then for a single electrode 


where () denotes activity, and [] concentration. 


..(I) 


When there is no difference 

mcjirc 
(I2). m 


in potential between the electrodes 

nqa 

-^when[r]^[r], . 
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(la), ( 1 % (Fa). 

(Ia> (r^ (I's)« 

and [I' 3 .^[n« and [lU P's]* .( 3 ) 

(la), . [1J, Li aj. 

When (Ij), and ( 1 ,), are small compared willi [Fj], and [F,],, [F]c=!i:[F], 
and [Fa]c:0:[F,]t, then [Fj]«/[Fa]t can be taken as equal to [SI]o/[SI]* 
without appreciable error and hence 

KiyKI],= [F]V/[F]»t.( 4 ) 


Table I 


Amylose 
concentration 
(g /lOO ml. 
solution) 

[I'] 

(I.) 

Concentration of 
total free iodine 

Grams of iodine 
bound per lOOg 
amylose 

Cl'* 

Cl 

(Equivalents/litre) 

0-214 

0 049 

0*000394 

0-0151 

25 0 

0 81 

0-120 

0 01028 

0 00131 

0)0114 

27 4 

0-47 

0-222 

0 00975 

0-000454 

0-00378 

26-4 

0-51 

0-0397 

0 00228 

0-000479 

0 00129 

26 7 

0 39 


* Cl/ Equivalents iodide bound by amylose. 


Cl Equivalents iodine bound by amylose. 

When the amount of iodide absorbed was not negligible, the activities of the 
molecular iodine m the control and test solutions respectively were deter- 
mmed by the method of Jones and Kaplan,“ and [I']c and [r]t, and hence 
the concentrations of free iodine in the test solution and the amounts of 
iodine and iodide absorbed by the amylose, were calculated by means of 
equations 2 and 3. If the amount of iodide absorbed by the amylose was 
small compared with the total amount present, the concentration of free 
iodine could be calculated from the potentiometric data alone, by using 
equation (4). When the amount of iodide absorbed could not be neglected 
even though (la)* was too small to measure, the concentration of free iodine 
could still be calculated by successive approximation from equation (4), 
provided that the ratio (Cj^,=equivs. iodide bound/Cj ==equivs, iodine bound) 
had been previously determined for the particular concentration of iodide 
present, for, at a given iodide concentration Cy / Cj appears to be substantially 
constant irrespective of the amount of iodine bound, (See below.) 

Over the range where it could be measured accurately (24-27 per cent, of 
iodine bound), CylCj increased with increasing free iodide concentration. 
(Table I.) Gilbert and Marriott® have obtained approximate values for 
Ci./Ci for complexes containing veiy small amounts (0*5 per cent, or less) ot 
iodme by measurmg the free iodine activities at constant iodine absorption 
but variable iodide concentration. When Ciz/Cj is plotted against ^[T] for 
the present data (Table I) or i( for Gilbert and Maniott^s 

data, all the points he on or very near a straight line (Fig. i), which suggests 
that Cl, I Cl is independent of the amount of iodine bound At the highest 
iodide concentration exammed, when the complex was completely pre¬ 
cipitated at very low concentrations of iodine, Ciz/Q considerably exceeded 
the value (0*5) which corresponds to absorption of all the iodine in the form 
of tii-iodide ions. When the iodide concentration was 0‘0IN or less the com¬ 
plex was either not precipitated at all, or else only at the highest concentra¬ 
tions of free iodine. It may be significant that under these conditions 
Cj,I Cj was less than 0-5. 

and [I'al are a pair of iodide concentrations for which the iodine absorption 
was adjusted to the same value by altering the free iodine concentration. 
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Logio FREE IODINE CONCENTRATION 
(equtvalents/litre) 

At each iodide concentration employed, the relation between the amount 
of iodine bound and the logarithm of the free iodine concentration exhibits a 
discontinuity when the iodine concentration reaches a certain critical value 
(Fig. 2), and thereafter becomes linear. The discontinuity is assumed to 
indicate completion gf the first stage of formation of the complex; the con- 
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centration of iodine at which it occurs rises as the concentration of iodide is 
lowered. Further evidence m support of complex formation in two stages 
has been obtained from spectral absorption data, which will be discussed 
later. The amount of iodine absorbed by amylose does not reach any limiling 
value other than that imposed by the solubility of iodine at the concentration 
of iodide used in the experiment. 

It has been suggested* that with each amylose chain the first stage of 
complex formation is completed at a constant iodine activity which is 
charactenstic of the length of the chain, and that the greater the length the 
lower is the iodine activity required. The sigmoid shape of the portion of 
the absorption curve which corresponds to this stage has been ascribed to a 
summation over a range of chain lengths After the first stage of complex 
formation had been completed any further absorption of iodine was attri¬ 
buted to " adsorption This rather vague term was presumably intended 
to imply that the additional iodine does not enter the helices. There are, 
however, at least two other ways in which the additional iodine might be 
absorbed, first, according to the helix mechanism by amylose chains or 
branches with an average length of the same order as the branches in amylo- 
pectin, that is, about 20 glucose imits; or secondly, by packing into the 
existing helices. The first possibility may be ruled out, for the number- 
average D.P. of the potato amylose used in the present experiments was 
about 900; the amylose could not therefore contain more than 1-2 per cent, 
by weight of linear, independent chains of the order of 20 glucose units in 
length. Furthermore, it is most unlikely that the number of non-reducing 
end groups was more than four times as great as the number of reducing end- 
groups,* so that not more than 4 per cent by weight of the amylose can be 
included m branches about 20 glucose units long. About 20 per cent., by 
weight, of short chains or short branches would be required to account for 
the increase in the amount of iodine bound by the potato amylose from 20 
per cent, at an iodine concentration of io"®n to 25 per cent, at lO^^N iodine 
(iodide concentration o*05n). The second possibility is supported by 
measurements of the absorption spectra of amylose-iodine complexes. 

DETERMINATION OF THE COMPOSITION OF THE COMPLEXES 
FORMED AT LOW CONCENTRATIONS OF IODIDE 

When the iodide concentration was less than io“®N, the composition of 
the complexes could not be completely determined. By an indirect method, 
however, reasonably accurate values for the amounts of iodine bound at 
15® C. over a range of lodme concentrations and at iodide concentrations 
varying from ml to io^^n have been obtained. Five sets of solutions having 
a constant concentration of amylose but containing different amounts of 
iodine and potassium iodide were prepared and adjusted to pH 4. All the 
solutions m any one set had the same total concentration of iodide (lO'^^N, 
io*~*N, io'-'n, 10 -®n or nil) At the highest concentration of iodide the 
amounts of iodme bound by the amylose were measured potentiometrically 
at 15° C. For the range of iodme concentrations employed it was calculated 
from the results given in the previous section that the amount of iodide 
absorbed by the amylose was negligible compared with the total amount of 
iodide present. The optical densities of the solutions were determined at 

No direct information on the ratio of reducing to non-reducing end groups is 
available for potato amylose For a sample of sago amylose, the DP (author's 
measurement) was 840, and the size of the repeating unit (Halsall, Hirst and Jones^*) 
was 260±100 Smce the mtrmsic viscosity of the triacetate of the potato amylose 
(1 80) was higher than that of the sago amylose triacetate (1*65), it is unlikely that 
the former was more highly branched Sian the latter 
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15° C. by means of a Spekker " photo-electric absorptiometer with a red 
filter. The optical densities were corrected for any absorption of light by the 
free iodine, and the molecular extinction coefficient of the bound iodine in 
each solution was calculated It was almost constant, increasing slightly 
when the amount of iodine bound exceeded 24 per cent, of the weight of the 
amylose The optical densities of the solutions having lower concentrations 
of iodide were determined and approximate values for the amounts of bound 
iodine were calculated on the assumption that the molecular extinction 
coefficient of the bound iodine was constant and independent of the iodide 
concentration. This assumption may not be quite justifiable but the expen- 
ments described in the next section show that the error introduced is only 
small The concentrations of free iodine were determined by difference, the 
optical densities corrected for absorption of light by the free iodine, and the 



FREE IODINE CONCENTRATION equivalents x lO'VIJtre 
Fig. 3 

amounts of iodine bound recalculated. For a given percentage of iodine 
absorbed (Fig. 3) the concentration of free iodine increases as the free iodide 
concentration falls. At the highest iodide concentration (io“®n) the propor¬ 
tion of the iodide bound by the amylose or present as free tri-iodide ions is 
small; the free iodide concentration is therefore nearly constant and almost 
equal to the total iodide concentration. The free iodide concentration is not 
constant at any of the lower concentrations of iodide, but varies with the 
free iodine concentration and the amount of iodine absorbed by the com¬ 
plex; it cannot be measured accurately but, at a constant concentration of 
free iodine, the concentration of free iodide will be lower the lower is the total 
iodide concentration. The complex might not be formed in the absence of 
added iodide were it not for the formation of iodide ions by hydrolysis of 
iodine according to the equation I,+H20:^HI0+H' + r 
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ABSORPTION SPECTRA OF AMYLOSE-IODINE COMPLEXES 

The highest iodide concentration which could be employed without 
causing precipitation of the complexes at the higher iodine concentrations was 
0-003N. With 0-05N iodide, precipitation occurred when only i to a per 
cent, of iodine was bound and, with 0 • 025N iodide, when 5 per cent, of iodine 
was absorbed. 

The absorption spectra of solutions of potato amylose containing from 
I to 24 per cent, of iodine bound in complex formation, and o-oo 5N in free 
iodide, are shown in Fig. 4. To secure a strict comparison, the molecular 
extinction coefficients have been calculated with reference to the actual 
amounts of iodine bound by the amylose, and the appropriate corrections 
for any absorption of light by free iodine have been applied. The maximum 
extinction coefficients of all the complexes are substantially equal in mag- 
mtude. When less than 21 0 per cent, of iodine is bound, that is, dunng 
the first stage of complex formation, the complexes have identical absorp¬ 
tion spectra, but when more than 21-0 per cent, of iodine has been absorbed, 
the absorption spectrum moves progressively in the direction of higher wave¬ 
lengths. Thus, the absorption maximum was at 6250 A when 21-0 per cent, 
of iodine was absorbed, and at 6600 A when 24*0 per cent, was absorbed. 

Baldwin, Bear and Rundle® have shown that the maximum extinction 
coefficients of amylose-iodine complexes of given iodine content (12 *5 g. 
iodine/100 g. amylose) occur at a higher wavelength, the higher is the 
average molecular weight of the amylose. Hence, if the longer chains absorb 
iodine at lower free iodine activities than the shorter chains, the maximum 
extinction coefficient might be expected to move to a shorter wavelength as 
the iodine absorption increases from i to 21 per cent Preliminary fractiona¬ 
tion data suggest, however, that less than 10 per cent, of the amylose used 
in the experiments had a chain length more than 50 per cent, in excess of 
the mean value, and measurements of the absorption spectra of iodine com¬ 
plexes of amylose difiEenng in average chain length (Table II) have indicated 
that there is a shift of only zoo A in the wavelength of maximum 
absorption when the chain length changes from 950 to 300, that is, the wave¬ 
length of maximum absorption diminishes by about 25 A for a 50 per cent. 


Table II 


Material 

Number 
average D P. 

Maximum extinction 
coefficient of 
iodine complex 

Magnitude 

Wavelength (A) 

Author*$ data 

Pure sago amylose . 

950 

3 82 X10* 

6260* 

Pure maize amylose 

550 

3 80X10* 

6200* 

Pure maize amylose, slightly degraded' 
during separation 

Pure maize crystaJline " amylose . 

310 

3 70 X10* 

6160# 

300 

3-72 X10* 

6150* 

Pure potato amylose 

940 

3 86 X10* 

6260# 

Data of Baldwin^ Bear and Bundle^ \ 

Impure potato amylose 

DP (fromosmotic 
pressure and 
viscosity data) 

500 


62801 


Impure maize amylose 

250 

— 



Impure maize " crystalline ** amylose 

175 

— 




* Iodine complexes contained 15% bound iodine , iodide concentration 0 005 n 
t Iodine complexes contained about 14% bound iodine, iodide concentration 
0 006 n. 
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change m chain length within this range. Hence the wavelength of maximum 
absorption when 2 per cent, of iodine is bound cannot differ by more than 
25 A from that when 21‘O per cent, of iodine is bound, and this change is 
within the limits of the experimental error. 

The increase m the wavelength of maximum absorption when the amount 
of iodine absorbed exceeds 21 -o per cent, suggests that after the first stage of 
complex formation has been completed, additional iodine is taken into iodine- 
filled helices. By increasing the number of iodine molecules in the resonating 
complex, and also decreasing the intermolecular spacing this would greatly 
influence the resonance energy, which is a very sensitive function of the 
distance between the iodine molecules® and hence would produce a change in 
the wavelength of maximum absorption 

The relation between the wavelengths of maximum absorption of 
amylose-iodme complexes and the degrees of polymerisation of the amyloses 
observed in the present expenments is not m agreement with that found by 
Baldwin, Bear and Rundle (included in Table II for comparison), although 
the amylose complexes contained approximately the same amount of bound 
iodine and were prepared in the presence of the same concentrations of 
iodide. The amylopectin present m the samples employed by Baldwin, Bear 
and Rundle would not affect the wavelength of maximum absorption, for it 
would not absorb an appreciable amount of iodine under the conditions used. 
The most probable explanation of the discrepancy is that the values given 
by Baldwin for the degrees of polymerisation of the amylose samples are 
much too low. The recently published results of Potter and Hassid^^ con¬ 
firm this view. These workers report values for the number-average degree 
of polymensation of the amyloses of several starches which are in fair 
agreement with those given in the present paper, but are approximately twice 
as large as the corresponding values given by Baldwin. Thus, though the 
molecular weights of the potato and maize amyloses used in the present 
experiments are about twice as great as those of the samples used by 
Baldwm, Bear and Rundle, the wavelengths of maximum absorption for 
the iodine complexes are very nearly the same. 

The absorption spectra of amylose-iodine complexes vary with the free 
iodide concentration. This might be expected since the proportion of iodide 
10ns in the complex must have a profound influence upon the molecular 
interactions. The spectral absorption curves for potato amylose-iodine com¬ 
plexes (i to 25 per cent, iodine bound) at an iodide concentration of 0‘OOIK 
(Fig. 5) are generally similar to those at an iodide concentration of o-oo5N, 
except that the wavelength of maximum absoiption does not increase until 
a higher iodine content (23-5 per cent.) is reached, in agreement with the 
observation that the first stage of complex formation is not completed until 
at least this amount of iodine has been absorbed (compare Curve 3, Fig 3, 
for o*oo2N iodide). The curves for three iodide concentrations (o*025N, 
0 005N and O'OOIn) and a constant iodine absoiption (5 per cent) (Fig. 6) 
indicate that the maximum extinction coefiicient increases slightly in mag¬ 
nitude and occurs at a higher wavelength as the iodide concentration 
decreases. 


EXPERIMENTAL 

Materials 

The preparation of the pure samples of amylose has been described else¬ 
where.^® “ Crystalline Maize Amylose was recrystallised twice from very 
dilute (o-i per cent.) solution in water saturated with butanol; the iodine 
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absorption^® of the final product was 21*0 per cent. The number-average 
molecular weights of the vanous materials were calculated from the osmotic 
pressures of solutions of their triacetates in chloroform; details will be given 
in a subsequent publication. Some properties of the amyloses are sum¬ 
marised m Table III. 


Table III 


Material 

lodme absorption 
(g /lOO g amylose) 

Intrinsic viscosity 
of triacetate in 
mtroethane 
(concentration 
expressed as g. 
solute per 100 ml 
solution) 

DP 

(Number 

average) 

Potato amylose 

21-0 

1*80 

940 

Maize amylose 

20*8 

1*11 

550 

Maize amylose, accidentally 
degraded dunng extraction 

21*0 

0*62 1 

310 

Sago amylose 

21*0 

1-84 1 

950 

Crystalline maize amylose 

21 0 

0*56 1 

300 


Preparation of Solutions for Analysis 

Amylose, in the form of the butanol complex, was dissolved in hot water 
saturated with butanol, and the butanol was removed by evaporation; the 
water lost was replaced continuously. The concentration of all amylose 
solutions was determined by the wet-combustion of a sample with potassium 
dichromate and sulphuric acid,^®»^® a correction being applied to allow for the 
slightly low values (98 per cent, of theoretical) given by this method. To 
the requisite amount of amylose solution, known amounts of iodine and 
potassium iodide were added, and the solution was diluted to a definite 
volume. All solutions were adjusted to a 'pH value of 4 with very dilute 
sulphuric acid. 

Determination of the Activity of Molecular Iodine 

180 ml. of a control or test solution was placed in one limb (A) of a Jones 
and Kaplan equilibratori^ and 180 ml. of acidified water was placed in the 
other limb (B). Equilibrium was established by rocking the apparatus for 
20 hours in a thermostat mamtained at 25*0° C. The activity of molecular 
iodine (I3) was then equal in both limbs, and was determined by titrating a 
50 ml. portion of the solution from (B) with standard thiosulphate solution; 
amylose was used as the indicator, and, to ensure a sharp end point, 
sufficient potassium iodide (about o'-05 g) was added immediately before 
■titration The total iodine in the control or test solution was determined after 
equihbration, by titrating with thiosulphate. If the iodine complex had pre¬ 
cipitated it was necessary to add a slight excess of thiosulphate and then 
titrate back with standard iodine solution; in a direct titration a good end 
point was not obtained 

Potentiometric Titration 

A portion of the test solution (taken from the eqmlibrator when (Ia)t had 
been determined) was placed in one cell of the differential titration apparatus 
The cell (Fig. 7) was so designed that it could be filled completely with solu¬ 
tion, and volatilisation of iodine was thereby prevented. In the other cell 
(which was identical with those employed previously^®) a known volume of a 
solution of potassium iodide, adjusted to pH 4, and having nearly the same 
•concentration as the free iodide in the test solution, was placed. A pilot 



T79S 


The Amylose-Iodtne Reaction—Higginbotham 

expemnent was carried out, if necessary, to determine the concentration 
required. The apparatus was placed in a thermostat at 25-0° C , with the 
stirrers running, until both solutions had reached the thermostat temperature. 
Iodine solution having the same concentration in free iodide as the control 



solution was added to it until there was no P D between the electrodes. 
Wherever there was any danger of volatilisation of an appreciable amount of 
iodine from the control solution during the titration, its final iodine concen¬ 
tration was determined by titration with standard thiosulphate. 

Spectrophotometry 

To measured amounts (20-40 ml.) of a o»i per cent, solution of amylose, 
the calculated quantities of solutions of iodine and potassium iodide, respec¬ 
tively, were added to give the desired iodine absorptions and free iodide 
concentrations, and the solutions were diluted to 100 ml. After equilibrium 
had been reached, the absorption spectrum of each solution was measured 
at room temperature (16-19® C.) by means of a photo-electric spectrophoto¬ 
meter, over the range 4000-6800 A in a cell of such a thickness (o« 05-1-00 
cm.) that the optical density at maximum absorption lay between 0*4 and 
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0*8. For each solution an appropriate control having the same concentra¬ 
tions in free iodine and free io^de was used. The free iodine concentration 
and hence the amount of iodine bound was determined in each case by 
potentiometric titration at the temperature at which the absorption spectrum 
was measured. 

Much of the experimental work has been carried out by Miss M. M. 
Bridges. 
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49—THE FRACTIONATION OF STARCH 
Part rV—THE AMYLOPECTIN-IODINE REACTION 

By R. S. Higginbotham 

{Coi>ynsM hy the TextxU Instttute) 

The composition and absorption spectra of amyXopectin-iodine com* 
plexes and glycogen-iodine complexes have been determined for a wide 
range of iodine concentrations. Provided that the concentration of free 
iodine is suth^ently high, the amylopectins absorb as much iodine as 
amyloses do. It is inferred, therefore, that amylopectins absorb iodine 
partly by a helix mechanism involving chains of iodine molecules and 
tri-iodide ions, and partly by adsorption of single iodine molecules or 
single tri-iodide ions. Spectrophotometric data support this view. The 
proportion of iodine bound by the helix mechanism varies with the total 
amount of iodine absorbed and with the identity of the amylopectin. These 
variations may be related to the distributions of branch lengths in the 
amylopectins. 

The amylopectins are highly branched polysaccharides. The repeating 
unit contains, on an average, from i8 to 24 glucose units, its size varying to 
some extent with the botanical variety of the parent starch, Haworth®*^ has 
postulated a stepwise arrangement of branches but the more random arrange¬ 
ment of Meyer® would seem to be in better accord with the experimental 
evidence. The maximum yield of maltose which can be obtained by the 
action of )8-amylase upon amylopectin is about 55 per cent, of the theoretical 
value,®*® suggesting that external branches comprise a little more than half the 
molecule The distribution of the lengths of the branches, which has not 
yet been determined, probably has an important influence upon the physical 
behaviour of the amylopectins. 

The amyloses take up iodine in two stages.^*® Depending on the iodide 
concentration, from 19 to 24 per cent of iodine is taken up at a very low 
and nearly constant iodine activity; thereafter a large increase in the free- 
iodine activity causes only a small change in the amount of iodine bound. 
In the first stage of complex formation the iodine activity corresponding to 
the absorption of a given amount of iodine at a given iodide concentration is 
a function of the average molecular chain-length of the amylose.® From this 
it has been deduced that when iodine is added to a solution of amylose the 
longer chains react with iodine before the shorter ones. Since the amylo¬ 
pectins consist of short amylose chains linked together, their iodine absorp¬ 
tion curves should be related to the distributions of branch-lengths, the 
longer branches absorbing iodine at the lower free iodine activities, and 
progressively shorter branches reacting as the free-iodme activity increases. 
The absorption spectra of amylopectin-iodme complexes in equilibnum with 
different concentrations of free iodine should afford similar information, for 
the wavelength of maximum absorption of iodine complexes of amylose or 
degraded amylose is dependent on molecular chain.length, and decreases 
from 6250 A at a chain length of 800 glucose units® to 5000 A at a chain 
length of 7 glucose units.“ 

Amylopectins from different varieties of starch do not display identical 
affinities for iodine,^ nor are the absorption spectra of their iodine complexes 
identical,^^ and it has been suggested that these differences are related to 
differences in the sizes of the repeating units of the amylopectins. The results 
are not convincing. The iodometric measurements and the determinations of 
the sizes of the repeating umts have been made with different samples of 
amylopectin by different workers who have applied no adequate corrections 
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for the effects of the small amounts of amylose present in all the samples. In 
the potentiometnc measurements the range of concentrations of free iodine 
was such that the amount of iodine absorbed by amylopectin was never 
more than 5 per cent, and in the spectrophotometnc work it was generally 
much less. 

The object of the present investigation has been to examine iodine 
complexes of amylopectins and glycogen formed over a wide range of iodine 
concentrations in order to obtain a more complete picture of the manner in 
which the iodine is absorbed; it was hoped, also, to obtain some indication of 
the distnbutions of the lengths of the branches in the materials. 

DETERMINATION OF THE COMPOSITION OF THE COMPLEXES 

The amounts of iodine absorbed by sago, tapioca, potato, maize and 
waxy maize amylopectins, and by glycogen, have been measured at concen¬ 
trations of free iodine ranging from io~®n to io^^n. The effect of varying the 
iodide concentration over the range 0*01 to 0‘5N has been examined, and 
the ratio of the amounts of iodine to iodide absorbed has been determined 
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Fig. 1 

wherever possible. The expenmental methods were those used to mvestigate 
the reaction between amylose and iodine.® The spectral absorption curves of 
amylopectin-iodine complexes containing various amounts of bound iodine 
within the range 3 per cent, to 22 per cent, have also been measured. 

All the amylopectins contained small amounts of amylose (Table VI) 
which have been determined in order to correct the results for any absorp¬ 
tion of iodine by this impunty. 

When the amount of iodine absorbed by an amylopectin exceeds 5 per 
cent. (5g./ioog. of amylopectin) it is related linearly to the loganthm of the 
free iodine concentration. At any given iodine concentration, the percentage 
of iodine bound increases as the temperature falls, the effect of temperature 
being most marked when the free iodine concentration is low. These findings 
are illustrated by the iodine absorption curves for potato amylopectin at a 
free iodide concentration of o-05n (Figs, i and 2). 
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Fig. 2 


The percentage of iodine absorbed by potato amylopectin at any free 
iodine concentration above lO^^N is independent of variations in the free 
iodide concentration over the range o-oin-o-5N (Fig. 3). Furthermore, in 
the region where measurements were practicable, the ratio Cp (eqmvalents 
iodide bound)/Cj (equivalents iodine bound) is nearly independent of the 
iodide concentration, though it vanes slightly with the amount of iodine 
bound (Table I). This behaviour is very different from that of amylose,® 
with which both Q, / Q and the amount of iodine absorbed are dependent 
upon the iodide concentration Thus, at iodide concentrations of 0 - 05N and 
o-oiN the values of Cp/Ci were 0 81 and 0 47, respectively. These 
differences suggest that the mechanisms by which amylose and amylopectin 
absorb iodine must differ; further evidence for this view will be presented 
later (see p. 802). 
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Logio free iodine concentration (equivalents/litre) 

Fig. 3 


When the iodide concentration exceeds o-i5N and not less than 23 per 
cent of iodine is bound, the amylopectin-iodine complex is partially or com¬ 
pletely precipitated, but otherwise no precipitation occurs. The amount of 
iodine absorbed at a given concentration of free iodine when no iodide is 
added is very much less than when iodide is present (Fig. 3). Thus, at a 
free iodine concentration of o«ooi6n, 14*5 per cent, of iodine was absorbed 
when the iodide concentration was o*oiN, but only i«8 per cent, when the 
only iodide ions were derived from the hydrolysis of iodine. 

The iodine absorption curves for the different amylopectins and glycogen, 
at an iodide concentraton of 0 05N and a temperature of 25® C , are shown 
in Figs. 4 and 5. The curves for sago and maize amylopectms are identical 
Tapioca amylopectin absorbs shghtly more iodine when the concentration of 
free iodine is below 3 x io"^n, but at higher iodine concentrations it behaves 
identically with maize and sago amylopectins. At all iodine concentrations 
waxy maize amylopectin absorbs slightly less and potato amylopectin con¬ 
siderably more iodine than sago and maize amylopectins. There is a sug- 







T799 


The AmylopecUn-Iodtne Reaction—Higginbotham 

gestion (Table II), that for a given absorption of iodine, maize, sago and 
tapioca amylopectins bind a slightly higher proportion of iodide Ilian potato 
amylopectin. 

Glycogen binds considerably less iodine than any of the amylopectins, 
the difference being most marked at a low concentration of iodine. 



0 12 3 4 

FREE IODINE CONCENTRATION 


(equivalents X 


Table II 


Amylopectin Amylopectin 
concentration 
g/lOO ml 


Sago . 


[I'] 

(y 

Concentration 
total free 
lodme 


\ 

Equivalents/Utre 


0-0606 0-000743 

0-0493 0 000674 

0-0491 0 000678 

0-0494 0 000679 


g lodme 
bound /100 
g. amylo¬ 
pectin 


0 28±*02 
0-34± 02 
0 38-i- *02 
0-36 ±*02 
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to be compared, all molecular extinction coefficients have been calculated with 
reference to the bound iodine. Corrections have been applied for absoiption 
of light by the free iodine and by the iodine complex of any amylose present. 
The importance of the latter correction may be illustrated by the data (Fig, 6) 



for potato amylopectm containing 2 per cent, of amylose, and maize amylo- 
pectm contaimng 6-3 per cent of amylose, 3 per cent, of iodine being 
bound by the amylopectm fraction in each case Without correction, the 
maximum extinction coefficient for potato amylopectin appears to be at 
5500 ^ and that for maize amylopectin at 5650 A, but when corrections are 
applied for the contributions of the amylose-iodine complexes the maximum 
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is at 5400 A for both. The molecular extinction coefficients may be in error 
by as much as 100 per cent, at the higher wavelengths unless allowance is 
made for the influence of the amylose present. As the percentages of iodine 
bound by the amylopectin increases, the effect of the amylose is propor¬ 
tionately less since it becomes almost saturated with iodine when the amount 
of iodine absorbed by the amylopectin is still very small, about i per cent. 

The influence of the iodine content upon the absorption spectrum may be 
illustrated by the results (Fig. 7) for potato amylopectin-iodine complexes 
containing up to 22*5 per cent, of bound iodine As the percentage of iodine 



bound increases, the maximum extinction coefficient diminishes, but the 
wavelength at which it occurs remains constant; moreover, the extinction 
coefficients increase between 3800 A and 4200 A, and decrease between 
5000 A and 6000 A, From this behaviour it seems that two types of com¬ 
plex may be present with absorption maxima at about 3400A and at or 
below 4000 A, and that their relative proportions vary with the amount of 
iodine bound. The complex with an absorption maximum near 5400 A may 
well be of the amylose or ''Helix*' type and be derived from outside 
branches of the polysaccharide with an average length of rather less than 
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20 glucose units, for Swanson^® has observed that the iodine complex of a 
degraded amylose with an average chain length of 14 to 18 glucose units 
exhibited an absorption maximum of 5400 A. In the other complex, iodine 
is probably bound by simple adsorption of tn-iodide ions or iodine molecules, 
the results of spectrophotometric measurements upon glycogen-iodine com¬ 
plexes support this view. 

With glycogen, as with amylopectin, the absorption spectrum changes 
with the amount of iodine bound but the wavelength (4000 A) of maximum 
absorption does not (Fig. 8). As the amount of iodine absorbed increases 
the extmction coef&cients at higher wavelengths increase. Branches less 
than six glucose units long presumably cannot absorb iodine by a helix 
mechanism since they cannot form a complete helix turn. The lower limit 
for the wavelength of maximum absorption of a helix-type complex is 
therefore about 5000 A^® and the maximum at 4000 A cannot correspond to 
iodine bound by helix formation. Since the maximum extinction coefficient 
for tri-iodide ions occurs at 3500 A, and has almost the same magnitude as 
that for the glycogen-iodine complexes, it seems probable that glycogen binds 
lodme mainly by adsorption of single tri-iodide ions. The progressive change 
in the spectrum as the amount of iodine absorbed increases may arise from 
an increasing proportion of helix-type complexes formed from external 
branches with an average length of about 12 glucose units These would 
have absorption maxima in the region 5000-5200 A, and would only be stable 
at very high concentrations of free iodine. The absorption spectra of potato- 
amylopectin iodine complexes have been analysed on the assumption that 
two components are present. To do so, it has been necessary to assume first 
that the maximum molecular extinction coefficient of the helix component is 
constant at 3*5x10*, and secondly, that glycogen binds iodine solely by 
adsorption so long as the amount does not exceed i • 8 per cent. The value 
for the maximum molecular extinction coefficient of the helix component is 
regarded as a very rough approximation only; it seemed reasonable to assume 
that it would be slightly lower than the values found for amylose-iodine com¬ 
plexes (about 3 7 X10*) but considerably higher than the highest value found 
for an amylopectin-iodme complex (2-7x10*). Let 
€i=the maximum molecular extinction coefficient of the whole complex 
€2=the maximum molecular extinction coefficient of the helix component 
63=the molecular extinction coefficient of the adsorption component at the 
wavelength of maximum absorption of the whole complex (taken from 
the absorption spectrum of a glycogen-iodine complex containing i‘8per 
cent, bound iodine)=0*4x10* 

etiA fthe molecular extinction coefficients of the whole comjilex, the 
= ] helix component and the adsorption component, respectively, at 
ena J [any given wavelength, n, 

x=:=ihe percentage of the total iodine in the complex which is bound by 
adsorption. 

Then ^^100 (eg- ei) _ . . . (l) 

®3 


and 

Hence the 
calculated. 


(lOO*e,jL "-*;^;*En3) 


— ®n2 


.( 2 ) 

100 — X 

complete absorption spectrum of the helix component can be 


The absorption spectra of the helix-components of potato aniylopectin- 
lodine complexes containing 3 per cent., 12*5 per cent, and 22 5 per cent. 
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of bouad iodine are plotted in Fig. 9, the values of x being, respectively, a6 
per cent., 36 per cent, and 43 per cent. Though they have no absolute 
quantitative significance, they clearly indicate that the proportion of iodine 
bound by adsorption rises as the total amount of iodine bound increases. 



Moreover, the value of x is about 40 per cent, in the range where amylo- 
pectin binds approximately the same amount (34 per cent.) of iodine as 
amylose, and it has been deduced (p 800) that amylopectin cannot bind 
more than half as much iodine by helix formation as amylose. The three 
curves are not identical, some broadening occurs as the amount of bound 
iodine increases, though the position of the maximum is nearly constant. 
The increase in the absorption of light at lower wavelengths as the amount 
of iodine bound increases may arise from the presence of very short external 
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branches resembling those in glycogen which are able to form stable helix- 
type complexes at high concentrations of iodine. The wavelength of 
maximum absorption for amylose-iodine complexes rises when the concentra¬ 
tion of free iodine is increased beyond a certain minimum value;® similar 
behaviour with the iodine complexes of the longer branches in amylopectin 
would account for the increase in absorption at higher wavelengths with 
increase in the amount of bound iodine. If the two effects neutralise one 
another in the middle part of the absorption curve, the wavelength of maxi¬ 
mum absorption will be constant. 

It IS probable that the adsorbed iodine will be attached to portions of the 
amylopectin molecules which are unable to form complete helices, but which 
can taie up such a configuration that they have a resultant dipole moment 
and can therefore induce polarisation in iodine molecules or tri-iodide ions 
The inner portions of the molecule, and possibly external branches less than 
six glucose units in length, might well behave in this way 

The ratio of iodide to iodine in the amylopectin-iodine complex is about 
03. If half the total iodine is adsorbed in the form of tri-iodide ions, the 
ratio of iodide to iodine (Cii/Cj) in the helix component will be 
[(100x0-3)-(sox0*5)]-50=0*I whereas for the corresponding amylose- 
iodine complex (iodide concentration-o-o5N) it is 0 8. On the other hand, 
if molecular iodine is adsorbed, the ratio in the helix complex would be 
[(100x0*3)-(50x0)]-50=0-6 which is nearer to the value for amylose. 
When the amount of bound iodine increases, because of the increase in the 
proportion of iodine bound by adsorption, ) should increase if Iri-iodide 
10ns are adsorbed and decrease if iodine molecules are adsorbed The data 
(Table I) are inconclusive, for although they show an increase, it is within 
the limits of the experimental error. 

The absorption spectra of the iodine complexes of tapioca, maize, waxy 
maize and sago amylopectins (Figs. 10 and ii) depend upon the amount of 
iodine bound in a similar manner to the spectra of potato amylopectin-iodine 
complexes. The maximum extinction coefficients diminish, and the absorp¬ 
tions at lower wavelengths increase with increasing iodine content, suggest¬ 
ing a concurrent increase in the proportion of iodine bound by adsorption. 
The salient features of the spectra are summarised in Table III. There are 
very close similarities between tapioca and maize amylopectins, and between 
sago and waxy maize amylopectins. 


Table III 


Amylopectin 

3% Iodine bo 

und 

12 6% Iodine b 

Dund 

Smax 

XlO-4 

£4000 

X10“« 

Wavelength 
of max abs 
A 

emax 

X10“« 

*1000. 

xio-^ 

Wavelength 
of max abs. 
A 

Potato 

2 70 

125 

6400 

2 40 

1-60 

6400 

Tapioca 

2 25 

1*60 

5300 


1-70 

6360 

Maize 

2 30 

1 65 i 

6400 


1-70 : 


Waxy maize 

1 90 ® 

1-63 

5300 

1 82 

1 75 j 


Sago 

1 96 

1 76 ' 

5300 

1-78 

1-75 i 



The data have been analysed in the manner described on p 803 The 
values of x (Table IV) indicate that the proportion of iodine bound by helix 
formation varies, being less for sago and waxy maize than for maize and 
tapioca and largest for potato amylopectin. The calculated absorption 
spectra of the helix components of the different amylopectins (Figs, iz and 
13) are remarkably similar in view of the large differences between the 
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original spectral absorption curves. The differences between them suggest 
that the average length of the branches taking part in helix formation vanes, 
being least for sago and waxy maize amylopectins, and greatest for potato 
amylopectin. Tapioca and maize amylopectins occupy an intermediate 
position, but resemble sago and waxy maize amylopectins more closely than 
they do potato amylopectin. 


Table IV 


Amylopectin 

xior 3% 
iodine bound 

X for 12-5% 
iodine bound 

Potato. 

26 

36 

Tapioca. 

40 

49 

Maize 

39 

49 

Waxy maize 

53 

55 

Sago . 

60 

56 


If the proportion of iodine bound by adsorption varies among the 
different amylopectins, there should be concurrent vanations in the ratios of 
the amounts of iodide and iodine absorbed. Unfortunately, this ratio cannot 
be determined for the complexes (containing 3 per cent, or 12*5 per cent, of 
iodine) to which the spectrophotometnc data refer. The data for complexes 
containing 22 per cent, to 23 5 per cent, of iodine (Table II) suggest, how¬ 
ever, that there is a variation, and that the proportion of iodide bound is 
higher for maize, sago and tapioca amylopectins than for potato amylo¬ 
pectin. This is in accord with the view that the adsorbed iodine is present in 
the form of tri-iodide ions 

In conclusion, some mention must be made of the relation between the 
behaviour of amylopectin-iodine complexes and the average sizes of the 
repeating units in the amylopectins. Halsall, Hirst and Jones^ have deter¬ 
mined the sizes of the repeating units in a number of amylopectins, including 
the preparations of sago amylopectin and waxy maize amylopectin used in 
the present investigation. The results (Table V) suggest that there is no 
definite correlation between either the afi&mties for iodine of the amylopectins 
or the absorption spectra of their iodine complexes, and the average sizes of 
their repeating units, nor is such a correlation necessanly to be expected. 


Table V 


Amylopectin 

Average number of 
glucose residues m 
repeating unit 

Potato 

20-23 

Tapioca 

20 

Maize . 

18‘6 

Sago . . 

18 

Waxy maize 

20 


EXPERIMENTAL 

Materials 

The preparation of sago, maize, tapioca and potato amylopectins has 
been desenbed elsewhere,^® some of their properties are summarised m 
Table VI. The waxy maize starch was a commercial sample. It contained 
0*5 per cent, of amylose Before use, it was extracted with hot 85 per cent 
methanol, and washed thoroughly with water. 
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Table VI 


Amylopectm 

Amylose 

content 

% 

Intrinsic viscosity of 
triacetate in nitroethane 
solution (concentration 
expressed as g. solute 
per 100 ml. solution) 

Potato . 

1 8 

1-66 

Tapioca 

1-1 

1-40 

Maize 

63 

1*28 

Sago 

I’O 

1-06 

Waxy maize . , 

06 

1 36 


Preparation of Solutions 

The amylopectms and glycogen were dissolved in boiling water. Waxy 
maize starch (5 g.) was gelatinised m water (250 ml.) saturated with butanol, 
the paste was heated at 126° C. for two hours to complete the dissolution of 
the starch, and the butanol was then removed by evaporation, fresh water 
being added as required All solutions were used within two days of pre¬ 
paration. Their concentrations were determined by wet combustion with 
potassium dichromate and sulphunc acid,^®*^^ a correction being applied to 
allow for the low result (98 per cent, of theoretical) given by this method. 

Examination of the Iodine Complexes 

The methods employed were identical with those previously used for 
amylose-iodine complexes, and described in detail in Part IIP of the present 
senes of papers. 

Much of the experimental work has been cariied out by Miss M. M. 
Bridges. 
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49—A NOTE ON THE THEORY OF THE LEPmOMETER 

By K Rachel Makinson 

{Copyright by the Textile Institute) 


An instrument much used in the study of the fnctional properties of the 
wool fibre and their relation to felting is the lepidometer, developed by 
Speakman, Chamberlain and Menkart.^ In this instrument, the fibre ''is 
placed between two surfaces, which are caused to reciprocate under standard 
pressure " along the length of the fibre. The tip end of the fibre is attached 
to a torsion balance. "Fibre travel (towards the root end) proceeds until 
the tension developed m the measuring device (the toision balance) is 
sufficient to arrest motion, and the maximum tension developed is taken as 
a measure of scaliness." 

It is clear that this tension depends on the difference between the 
coefficients of fnction of the fibre with and against the scales, and is related 
to the felting properties of the fibres As Speakman and his colleagues state, 
the lepidometer measures the " creeping power " of the fibre under a rubbing 
action. However, to correlate lepidometer measurements successfully with 
fnctional measurements made by other workers, it is necessary to express 
m physical terms the quantity which is measured by this instrument. It is 
shown below that, in general, the instrument as used by Speakman et alJ^ 
measures a quantity which is greater than the difference eras between the 
coefficients of static friction against and with the scales, lying between eras and 
the difference crah between the againsl-scale coefficient of static friction and 
the with-scale coefficient of kinetic friction The lepidometer therefore 
exaggerates small frictional differences, particularly under conditions such 
that the difference between static and kinetic fnction is large. 

The Action of the Lepidometer 

The following nomenclature will be used: 

coefficient of fnction between fibre and rubbing surface. 

F~ corresponding frictional force 

distance of fibre travel at any time. 

maximum value of x in any one oscillation of fibre. 

A;n=minimum value of x in any one oscillation of fibre. 
/(:s;)=restonng force due to torsion balance. 

(r=fX2-f^i 

Subsenpt I indicates rubbing towards the tip of the fibre 
Subscript 2 indicates rubbing towards the root of the fibre 
Subsenpt s indicates static friction. 

Subscript k indicates kinetic friction. 

Hence crah =/A28~/Aifc, and similar relations hold for o-as, erjek and cr/ca- 

Fig I (a) illustrates schematically the pnnciple of the lepidometer 
Numerical data are given by Speakman et aL^ The rubbing surfaces were 
made of vanous materials, certain rubbers and polythene being most used. 
The space between the surfaces was filled with air or with the hquid in which 
the "scalmess " was to be measured. 

In an analysis of the action of the lepidometer, two extreme cases may 
be considered. In both cases the force exerted on the torsion balance at any 
instant is equal to the tension in the wool fibre, in the first case, in which the 
damping and inertia of the torsion balance may be considered negligible, the 
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balance will indicate this tension exactly; in the second case, when the 
damping and inertia are large, the balance will indicate only the mean value 
of this tension 
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Fig. 1(a) 

Conditions existing in tlie lepidometer. 


STATIONARY 

PLATE 

Fig. 1(b). 

A similar but simpler case. 


The pnnciples involved in the first case may be illustrated by considering 
first the simpler system shown in Fig. i(b), which differs from the lepido¬ 
meter in that only one plate oscillates. Consider the first stroke of the upper 
plate to the left in Fig. i(b). Imtially f(x)-o since x-o. The fnctional 
force on the fibre to the left, due to the upper plate, can increase up to 
That to the right, due to the lower plate, can increase up to Fa«, which is 
greater than Fis. The fibre therefore remains stationary, and the frictional 
force between it and the upper plate drops to Fj/,. The frictional force between 
the fibre and the lower plate then also drops to Fjjb, so that equilibrium 
is maintained, and the fibre remains stationary throughout this stroke. 

Consider now the first stroke of the upper plate to the nght. Initially 
f{x)=o, the fnctional force on the fibre to the right ^Fg, and that to the left 
^Fia. The fibre therefore moves to the right at the same speed as the upper 
plate, and the frictional force to the left falls to F^t. The fibre travel con¬ 
tinues until x-Xm, such that 

. W 

Slip then begins between the fibre and the upper plate, so that the fne- 
tional force to the right falls to F^^, The fibre is rapidly decelerated until 
it comes to rest relative to the lower plate There will be no significant 
change in x during this rapid deceleration Just after the fibre has come to 
rest, the total force to the right is ^Fau +F2fc, while that to the left is f{Xn^ 
From (i) it can be seen that F 2 fl+F 2 fc>f( 5 (;„,); the fibre therefore does not slip 
back. This equilibrium is readily seen to be stable so long as 2F27c>Fa8-Fi^; 
measurements made here**-® have shown that this is always true for wool 
rubbing on horn, and it may be expected to be true for wool on other surfaces. 

Consider now the second stroke of the upper plate to the left. Just after 
reversal of its motion, when the upper plate is momentanly at rest, the force 
to the left </( 5 c»i)+Fib and that to the right ^Fgs. From (i) it can be seen 
that F2s</(:x;„J-hFig. The fibre therefore moves to the left with the same 
speed as the upper plate. The force to the right then falls to Fa?., and the 
fibre continues to move to the left until x-Xn, such that 

/W+F3,=F27b. (ii) 

The fibre then comes to rest relative to the lower plate. It can readily be 
seen that this second equilibrium is stable. 
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During further oscillations of the rubbing surfaces the fibre oscillates 
between the displacements Xm and Xn. The exact values of Xm and Xn will, 
however, vary from cycle to cycle, since the coefficients of friction are not 
closely reproduable Any differences between or irregularities in the two 
rubbmg surfaces will also appear as variations in the oscillations. The mean 
displaced position (Xm~hXti)l2 of the fibre corresponds, if f(x) is a linear 
function of x, to {F28+Fia File ). 

If a similar analysis is now made of the conditions existing in Fig. i(a), 
it is readily seen that the fibre again oscillates between the displacements Xm 
and Xny but at a higher frequency. This increase in frequency is due to the 
fact that there is no stable equilibrium at the extreme positions Xm and Xn, 
so that the fibre performs several cycles during each half cycle of the plate- 
oscillation. {The number of fibre cycles per half plate-cycle approximates, 
when (Xm-Xn) is much less than the amplitude A of either plate, to 

Hence, since fx is proportional to F, the following conclusions may be 
drawn for the case when damping and inertia of the torsion balance are 
small: the balance executes oscillations about a mean displaced position 
corresponding to (cr/fs + cr*fc)/2, the peak displacement corresponds to orait and 
the trough to crus. 

The second extreme case to be considered is that in which the damping 
on and the inertia of the torsion balance are large. In this case, the torsion 
balance will register, after the initial rise, only a steady displacement corre¬ 
sponding to (cTw + (Tick) 1 2. 

It may therefore be concluded that, in general, the torsion balance of the 
lepidometer will execute oscillations about a mean displaced position corre¬ 
sponding to (cr«« + crfcfc)/2. The peaks of these oscillations will correspond to 
some value between {crs 8 + <rkk)/2 and ctsh- It has usually been found here®*® 
that (Tsa is very nearly equal to (rukl hence it follows that the peaks of the 
lepidometer trace correspond to a value greater than o-ss. 

This analysis has been based on the assumption that, in the range of 
velocities occurring in the lepidometer, the variations of friction with velocity 
can be represented by a definite coefficient of static friction and a (usually 
smaller) coefficient of kinetic friction which is independent of velocity. If 
this is not true the motion of the fibre becomes much more complicated. Such 
a representation has previously been shown® to be reasonable for wool rubbed 
on horn at velocities up to the order of i cm. / sec Other workers*’® have 
shown for vanous surfaces that the coefficient of faction drops very rapidly 
from its static value to a much lower value as the velocity increases slightly 
from zero. Thereafter, any change with velocity is much slower. The 
approximation made here is therefore probably applicable to the lepidometer.* 

Application to Measurements made with the Lepidometer 

(i) The most important conclusion from this analysis is that lepidometer 
measurements will exaggerate small factional differences, relative to measure¬ 
ments of (Ts 8 or crjei- It can be seen that, so long as there is any finite fric¬ 
tional difference at all, even if it is small, the ** scalinessmeasured by the 
lepidometer may be quite large, if the static and kinetic coefficients of fric- 
tion are wi dely different and if the damping and inertia of the torsion balance 

*A few substances® show no definite static friction, but an initial slight increase in 
friction with velocity up to a maximum value If this were the case here, we should 
have to replace fjta by this maximum value. The same correction would apply to 
measured by any of the usual methods. Wool on horn shows no such effect. 
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are not too high. This statement does not deny the possibility that some 
such factor as "scaliness” may be the factor which is directly related to 
feltability; in fact, it seems probable that m a mathematical study of felting 
o-aft would Be found to be important. It may, however, explain the fact that 
Speakman' obtains a smaller decrease in the " scalmess ” after chlorine treat¬ 
ment than the decrease in craa which is found by some other workers 
However, it is difficult to make these compansons, as the conditions of 
cleanhness, which are very important in frictional work, will have differed in 
different laboratories. 

(2) When the fibres are lubricated cr&hdszcru* so that the oscillations of the 
torsion balance will become small. For well lubricated fibres, since ju, and 

are nearly equal, it i^ immaterial (except when cr is very small) whether 
^Tc$* ^8s measured. 

(3) Measurements made here for wool rubbed on horn show that, in 

general, F2’k>Fxa» so that from (11), f(Xn) is likely to be negative 

only in cases where 0-33 and cthic are small. 

(4) Martin's^® instrument for detecting frictional difference can be 

regarded as an extension of the principle of the lepidometer to the case where 
f{x)=^o at all X. The fibre will therefore in this instrument migrate 
indefinitely towards its root end, so long as it has a finite frictional difference. 
Exceptions to this may occur if and <r is small. 
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SUMMARY 

The quantity which is measured by the peaks of the lepidometer trace lies 
between the difference 0-33 between the coefficients of static friction with and 
against the scales and the difference ctsk between the against-scale coefficient 
of static friction and the with-scale coefficient of kinetic friction. Since, 
except in the case of heavy lubrication, arsje^a-sa, the quantity measured is 
greater than 0-33, so that the instrument exaggerates small frictional 
differences. It is probable, however, that the particular quantity which it 
measures is related to the tendency of the mass of fibres to felt, the closeness 
of this relation depending upon the mechanical constants of the lepidometer. 
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50 —THE ACTION OF DOFFERS AND FANCIES ON 
A WOOLLEN CARD* 

By J. G. Maetindale 

[Copyright by the Textile Institute) 

t. INTRODUCTION 

An earlier papcr^ descnbed a series of experiments made to investigate 
the interaction of workers and swifts when carding wool. The present paper 
describes a similar series of investigations on the behaviour of doffers and 
fancies. 

Just as the experimental methods of investigating the behaviour of 
workers were novel ones, in that they introduced the idea of measuring their 
“Collecting Powerso the experimental work descnbed here on doffers 
and fancies is also novel as it involved building a new carding unit erected on 
pedestals to such a height that a worker and stopper could be mounted 
underneath the swift The efficiency of the fancy and doffer in clearing the 
swift was then examined under various operating conditions by measuring 
the amount of wool which escaped them doffing action and which was 
collected underneath the swift by the underslung worker. 

The action of a doffer is very similar to that of a worker, the only 
differences between the two being that the relative surface speed of doffer 
and swift is generally rather less than that between worker and swift and 
secondly the arc of contact ig greater at the doffer. These differences are of 
degree only, and it is to be expected that the behaviour of doffers in clearing 
wool from cylinders will be similar to that of the workers already described,^ 
and in particular that their collecting powers will increase with closer setting 
and, more markedly, with increased doffer speeds. 

This was demonstrated quite simply in the first expenment using the 
single carding part specially built to enable observations to be made on the 
wool passing the doffer and travelling round to the feed rollers again under 
the swift. 

This machine consisted of a 50 in swift, fitted with four 8 in workers and 

in. strippers, a 12 m. fancy and a 32 m doffer, all clothed with fillet 
clothing. The feed to this was by means of a feed lattice of adjustable speed, 
and the doffer was stopped by a fly-comb. In all these respects the outfit 
was a normal one, it differed from the usual arrangement in that a normally 
clothed worker and a stripper were slung in adjustable, but rigid, bearings 
underneath the swift and, m order that this could be done and at the same 
time be accessible, the framework was erected on reinforced concrete pedestals 
18 in. high. The underslung worker (set with a 30 gauge) was driven by the 
ordinary worker chain whilst all the workers were driven independently of 
the doffer so that the speed of the latter could be adj’usted without affecting 
any other carding conditions. 

The idea underlying the use of this underslung worker was that wool 
which escaped the doffer would be worked by it on the under-side of the 
swift in the same way as the ordinary workers worked the wool on the top 
of the swift, and that it would thereby collect a fraction of the wool passing 
on the underneath side of the swift on its way back to the feed-rollers. Most 
carders who saw this underslung worker in action were suipnsed at the 
amount which it collected in normal running, it generally earned almost as 
much wool as the last worker on the top of the machine—a fact which 

A description of work carried out at Idie Wool Industries Research. Association. 
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indicated the very imperfect clearing action of a doffer in normal operation. 

Although it was realised that the underslung worker would not collect all 
the wool passing it, as long as its setting and speed were kept constant it was 
found that the amount of wool collected was very nearly proportional to the 
rate of flow of wool pasi; the doffer, therefore the amount of wool collected, 
for different running conditions of doffer setting and speed, was used as an 
index of doffer efficiency under these conditions—a little wool on the worker 
indicating little wool passing the doffer and, therefore, a high doffer efficiency, 
and vice versa. 

In this way the efficiency of the clearing action of the doffer was investi¬ 
gated, but it must not be forgotten that this is also dependent on the action 
of the fancy. In the first simple experiment the conditions under which the 
fancy operated were kept constant and this first experiment gave interesting 
results on the way in which the doffer behaved when wool was presented to 
it in one particular fashion. In the second experiment the clearing efficiency 
was examined with both doffer and fancy speeds varying. It was also found 
that the efficiency was affected by rate of feed to the card so this was varied 
and the way m which all these three vanables combined to influence clearing 
efficiency was worked out. 

The results obtained were confirmed as being generally true by a further 
series of tests using five different fancies. 

The complete experiment gave a self-contained and consistent picture of 
the way in which clearing efficiency varied from one set of extreme running 
conditions to the other. The complete story is rather involved, but it is 
hoped that the paper makes it clear, because there is no doubt that effective 
clearance of the swift is one of the most important considerations for a carding 
engineer, not only from the point of view of getting the wool away'' and 
doing good work, but also from the point of view of reducing the need for 
fettling. 

Differences of opinion exist regarding the way in which a fancy must be 
run to give the most efficient results The present paper shows that there is 
no one best set of running conditions for a fancy, but that the best conditions 
depend on rate of feed and the method of operating the doffer. It is there¬ 
fore hoped that this paper will resolve some of the differences of opinion and 
show that two or more different views may be equally correct when other 
circumstances are taken into account. 

In order to avoid the repetition of the phrases weight of wool on the first 
worker, weight of wool on the second worker, etc., throughout this paper, 
these weights in any test are briefly referred to as follows — 

Weight of wool on isl lop worker in grams mx 
Weight of wool on 2nd lop worker in grams 
Weight of wool on 3rd top worker in grams 
Weight of wool on 4th top worker in grams 
Weight of wool on undcrslung worker in grams 

2 . EXPERIMENTAL OBSERVATIONS 

Experiment 1 

The effect of doffer settings and doffer speeds on clearing efficiency when a particular 

method of fancy operation was adopted 

Factors which %!i>ere constant throughout the test. 

Swift speed 84 r.p.m. 

Workers' speed 4-5 r.p.m. 

Fancy speed 406 r.p.m. 

Worker and fancy settings. 
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During this test alterations were made to the doffer setting and doffer 
speed and wool was put through at two rates of feed, namely, 3-1 and 10 2 
lb./hr. 

Blend used: Equal parts of Australian lambs' wool, botany noils and 
scoured Australian pieces, plus 10 per cent, oleine. 

The blend was scribbled by the Garnett breast and the first two swifts of 
another carding machine and taken off as a broad thick lap of well scribbled 
wool from the Tatham feed. This lap was cut into 60 in. lengths which were 
laid cross-wise on the feed sheet of the experimental carding unit. They 
were weighed before using and they were all adjusted to the same weight— 
by stripping off one or more layers of the lap—^before feeding, thus ensuring 
.a umform rate of feed into the machine. 

Wool was fed in until conditions were judged to be steady; the running 
time to ensure this was determined by a senes of preliminary trials. The 
machine was then stopped and the wool carried on the underslung worker 
was removed by operating the worker and stripper by hand. This wool was 
then weighed— ms* The average value of ms in three such tests under the 
same conditions of operation was taken as the index of the ef&ciency of the 
doffer under those conditions. 

Table I shows how ms vaned with doffer setting, doffer speed and rate of 
feed. 

Table 1 

’ _ Wfi 


(1) 

(2) 

( 3 ) 

( 4 ) 

(6) 

(6) 

Rate o£ 

Doffer 

Doffer settmg 


feed— 

speed 

26 

28 

30 

Mean 

Ib./hr. 

r p.m. 

gauge 

gauge 

gauge 


6-1 

10*0 

7-7 

7-9 

66 

L 1 A. A 

10 2 

10 0 

14 0 

12 9 

10 8 


51 

4-5 

10*8 

9*2 

7*4 

\ 19 7 

10-2 

45 

18-7 

17 1 

13-2 



Mean 

12 8 

118 

95 



Conclusions 

The following conclusions can be drawn from these results:— 

(x) A higher doffer speed gives a smaller value of ms and therefore 
indicates a higher doffer collecting power. This is true at all settings and at 
both rates of production. (Column (6) in the table shows the average effect 
of doffer speed, 27 per cent, more matenal is collected by the underslung 
worker when the speed is reduced from 10 r.p.m. to 4*5 r.p.m.). 

(2) Closer doffer setting gives increased collecting power. This is true 
at both speeds and both rates of production (The last horizontal row of 
figures shows the average effect of doffer settmg, there is about 33 per cent, 
more material collected on the underslung worker when the doffer setting is 
opened out from a 30 gauge setting to a 26 gauge setting.) 

(3) From the above results it will be seen that the speed increase has been 
almost as effective in improving the collecting power of a doffer as has setting 
4 gauges closer, 

(4) There is a considerable difference in behaviour between the two 
extreme conditions, ms varying from 18*7 to 10*8 at 10 lb./hr. and from 
io.8to6-6at5lb./hr. 
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(5) As doubling the rate of feed in no case doubles the value of this 
suggests that the dofEcr clears more effectively at higher rates of feed. 

Experiment XI 

The effect of doffer speeds, fancy speeds and rate of production on the clearing 
efficiency 

The results of Experiment I were amplified by a second series of tests 
carried out on five different blends of wool on the same machine. 

Factors which were constant throughout the test. 

Swift speed, 84 r.p.m. 

Workers' speed, 4-5 r.p.m. 

Workers' setting to swift. 

Fancy setting to swift. 

Doffer setting to swift. 

Factors varied throughout test, 

(1) Doffer speeds—4-5 to 10 r.p.m, 

(2) Fancy speeds 342 to 406 r.p.m. at the two extreme doffer speeds. 

(3) Rates of feed 10 to 40 lb. / hr at all speeds of doffer and fancy 

(4) Blend of wool. 

Table II 

Blends used in Experiment // 


Blend No. 

50/50 blend o£ 

D,l 

1 

Scoured Australian lamb's wool 64 s 
Scoured Australian locks. 

D .2 

Scoured 56 s/ 58 s. 

Seouled 50 s. 

D 3 

Scoured N Z. locks 4 (}s/ 50 s. 

Scoured N Z bulky pieces 48 s/ 60 s 

D. 4 : 

Scoured Australian 64 s 2 m. staple. 
Scorned Austiahan 64 s staple 

D 5 

Botany noilb 64 s 

Cross-bred noils 50 s/ 56 s 


The test procedure was exactly the same as in Experiment I, the wool 
was oiled with 10 per cent, of oleine and scribbled on the Garnett breast and 
first two swifts of another machine; 60 in. lengths of Tatham feed lap of con¬ 
stant weight were fed cross-wise on the feed lattice of the expenmental unit 
card. 

The rates of feed 10, 20, 30 and 40 lb./hr. are more closely related to 
normal working conditions than in Experiment I where low rates of feed 
(5 and 10 lb. /hr.) had been adopted. 

The tests carried out were designed to measure the changes in ms as the 
rate of feed, doffer speed, fancy speed and type of blend were vaned. In 
addition under many of the test conditions the amount of wool carried by 
the four top workers {mi, m3, m3, and m^) was determined as it was thought 
that a study of the load of wool on the top of machine in these various cir¬ 
cumstances would also be interesting. 

The results obtained are given in Tables III to VI, and for easier appre¬ 
ciation are illustrated graphically in Figs. 1-4. ^ 

The top half A, Table III and Figs, i and 2 show the values of ms found 
for vanous rates of feed at 5 doffer speeds with a fixed fancy speed—^406 
r.p.m. for blend D i and 342 r.p.m. for blends D.2 to D 5 inclusive. 



Table III 

-Weight of wool in grams on underslung worker—^Effect of doffer speed and rate of feed 



)imttmg* 1»62 
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> Fig. I 

At, any rate of fee 4 with all blends fHr, decreases as the doffer speed 
increases, this shows cbnclusi,vely the validity of the conclusion reached after 
Experiment I, that the higher doffer speeds give an increased doffer col¬ 
lecting power, this is now seto to be true for all blends at all rates of feed. 

The lower half B of Table III shows divided by the rate of feed, i.e. 
it IS the weight of wool on this underslung worker per unit rate of feed into 
fee machine. It will be sden that as the rate of feed into the machine 
increases from 10 to 40 lb,/hr., the weight of wool on the underslung worker 
per lb /hr. flowing through fee machine decreases, in other words the dofier 
takes a larger share and clears the swift rtiore efficiently at the higher rates of 
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Fig 2 

feed. This is true only at the particular fancy speeds quoted. It will be 
seen when considering Table IV that this behaviour is likely to vary some¬ 
what according to the speed of the fancy. 

The final line in the nght hand bottom corner of Table III shows the 
average effect of dofter speed for all blends over all the rates of feed. With 
a doffer speed of 4*5 r.p.m. the underslung worker on the average carries 
1*62 grams of wool per lb./hr. fed m, at a doffer speed of 10 r.p.m. it 
carries 1-27 grams for the same rate of feed; the ratio of the two—1*27—is 
exactly the same as that found in Experiment I. 

Table IV and Figs. 3 and 4 show how ms varied as fancy speed was 
varied at the highest and lowest rates of feed (40 and 10 Ib /hr.) using the 
two extreme doffer speeds (4-5 and 10 r.p.m.). 

It will now be seen from section A of Table IV, in addition to what has 
already been said, that the fast moving doffer behaves more eflBciently at 
all fancy speeds, with all blends at all rates of feed, m-j bemg lower for a 
doffer speed of 10 r.p.m. than for a doffer speed of 4*3 r.p.m. 

The data of Table IV—^section A—also enable us to see that in most 
cases the doffer behaves more efficiently as the fancy speed is increased (nis 
decreases as fancy speed increases) This is true under all conditions save 
one—^the condition of high rate of feed combined with a slow doffer speed 
(marked * in Table IV and Fig. 3). In these circumstances as the fancy 
speed increases the value of either remains approximately the same (D.i, 
D 4 and D.5) or increases (D 2 and D.3). 



Table TV 

Weight of wool in grams on imdersliing worker—Effect of fancy speed at 2 rates of feed and 2 doffer speeds 



105 0 99 0 94 0 90 
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342 358 384 406 342 358 384 406 

FANCY SPEED R.P M 
Fig. 3 


This conclusion is seen in better perspective by considering the lower 
half—B—of Table IV, where the results are again reduced to the weight of 
wool on the under worker per unit rate of flow through the machine. Con¬ 
sidering the mean figures for all blends at the bottom right hand comer of 
the Table, it will be seen that at a rate of feed of 10 lb /hr. and a doffer 
speed of 4*5 r.p m 2 07 grams of wool were found on the under worker per 
lb./hr. flowing through when the fancy was revolving at 342 r p.m. At a 
fancy speed of 406 r.p m the corresponding amount was only 1-54 grams. 
The ratio of these two, representmg the improvement in doffing action due 
to increased fancy speed, is i-2i. Similar ratios can be worked out for the 
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other three conditions; the complete set is as follows; — 


Table IVa 



Amount of wool on underslung worker—Fancy 342 r p m * 

Rate of 

Amount of wool on underslung worker—Fancy 406 r p.m. 

Feed— 
lb/hr 

Doffer speed 10 r p.m 

Doffer speed 4 6 r p.m. 

10 

40 

156 

1 17 

1-21 

0 92 


♦ Per lb /hr entering 


It will be ^een therefore that when the swift was lightly loaded increase 
in fancy speed was effective. Anything which tends to load the swift more, 
either increasing the rate of feed or a low doffer speed (which prevents the 
swift being effectively cleared) reduces the benefits of a high fancy speed. 
The effectiveness of high fancy speeds became progressively less as the load 
on the swift increased. In the extreme case where the rate of feed was high 
and the doffer ran slowly a high fancy speed either made no difference or 
reduced the effectiveness of the lifting and clearing action. 

This behaviour immediately calls attention to another result illustrated by 
the results in Table IV. It was said earlier in considering the results of 
Table III that for the particular fancy speeds quoted there as the rate of feed 
increases from 10 to 40 lb./hr. the doffer cleared the swift more efficiently,* 
but now having data which cover a wide range of fancy speeds, we note that 
this is not true in many cases (indicated by * in Table IV). These again are 
cases of overloading and occur most generally at low doffer speeds and high 
fancy speeds. Here the increased rate of feed instead of making the doffer 
more efficient makes it less efficient. Even in the cases where the cleanng 
efficiency is not reduced we find that as these extreme conditions (marked j 
in Table IV) are approached the clearing efficiency with increased rate of 
feed is being impaired. This effect m fact is also a progressive one. 

Let us consider the mean figures for all blends at the bottom nght hand 
comer of the table. At a doffer speed of 4 - 5 r.p m., a fancy speed of 342 
r.p.m. and a rate of feed of 10 lb. /hr, 2 • 07 grams of wool were found on the 
under worker for every lb./hr. flowing through the machine. At a doffer 
speed of 4‘5 r.p.m , the same fancy speed of 342 r.p ra , but a rate of feed 
of 40 lb /hr., the corresponding amount of wool was only 1*43 grams. The 
ratio of the two, representing the increased efficiency of the doffing action at 
40 lb./hr. IS 1-43. These ratios can be worked out for all fancy speeds and 
both doffer speeds, the full set of these ration for all the conditions summarised 
in Table IV is as follows: — 


Table IVb 



Amount of wool on underslung worker at 10 Ib./hr, per lb /hr. 

Doffer 

speed 

Amount of wool on underslung worker at 40 Ib./hr. entering 

r.p m. 


Fancy speed r.p m 



342 

368 " 

384 

406 

45 

1-45 

1 21 

1-07 

1*00 

10 

1 63 

142 

127 

M 6 


* This IS not at variance with the remark made above that the swift tends to get 
loaded more at high rates of feed B g,, rate of feed lo lb /hr, a doffer efliciencyjof 
50 per cent would mean 20 Ib./hr. flowing over the top of the machine. Rate of feed 
30 Ib /hr., a doffer efficiency of 75 per cent, would mean 40 lb /hr. flowing over the top. 
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- 1 - 1 - 1 

342 358 384 406 

FANCY SPEED r.p m 

Fig. 4 

Thus we can conclude that although the clearing action is more efficient 
at high rates of production the degree of improvement is affected by fancy 
speed and doffer speed, the effect (measured by the ratios in the above table) 
becomes progressively smaller at higher fancy speeds and lower doffer speeds 
(conditions promoting overloading of the swift) and may even be reversed 
with some blends. 

Concluaione 

We have therefore considered the effect of three factors on the efficiency 
with which the swift is cleared by the fancy-doffer combination These 
three factors are (a) doffer speed, (6) fancy speed and (c) rate of feed, and 
at this point we can summarise the conclusions reached as a result of this 
experiment. They can now be combined to give the following picture of 
what takes place 

(1) The effect of increasing the doffer speed is to increase the efficiency 
with which the swift is cleared. This is true for all fancy speeds, at all rates 
of feed for all wools. 

(2) The effect of fancy speed on the efficiency of clearing cannot be so 
simply stated because it varies according to doffer speed and rate of feed. 

At high doffer speeds and low rates of feed (conditions which produce a 
light loading of the swift with wool) high fancy speeds cause the swift to be 



Table V 

Wsi^lit of wool on top worjcers in grains—Effect of fQncy speedy doffer speed and rate of feed 
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more efficiently cleared than low fancy speeds. As rate of feed increases or 
doffer speed decreases the loading of the swift increases and the benefits of 
high fancy speed progressively diminish until, in the limit which combines 
the highest rate of feed with the slowest doffer speed, the cleanng efficiency 
IS unaffected by an increase in fancy speed for some wools and for others 
the clearing efficiency is reduced. 

(3) Similarly the way in which the efficiency of clearing is affected by 
different rates of feed cannot be simply stated because it depends on both 
the doffer speed and fancy speed 

At high doffer speeds (a condition which helps to get the wool away) and 
at low fancy speeds, increasing the rate of feed increases the clearing 
efficiency,* but as fancy speeds increase and doffer speeds decrease the 
benefit of a high rate of feed progressively dimimshes until in the linut when 
both the doffer speed is low and the fancy speed is. high the effect of increas¬ 
ing the rate of feed is to reduce the clearing effiaency with some wools and 
with other wools there is little effect. 

(4) The optimum conditions for good clearing of the swift are therefore 
close doffer settings and high doffer speeds. Clearing is also proportionately 
more effective at high rates of feed In general higher fancy speeds are more 
effective at low productions and the higher doffer speeds, t e. when the swift 
is under conditions of light loading. As the load increases the benefit of 
increasing the lead of the fancy gradually disappears. 

These are the mam findings of this investigation which were confirmed by 
the further tests now to be described. 

3. FURTHER EXPERIMENTAL OBSERVATIONS 
Experiment III 

During the course of Experiment II the main conclusions amved at were 
confirmed by observations made on Wj, m, and w<, which were deter¬ 
mined for blends D.2-D.5 as set out m Table V. 

To make the data more readily appreciated the average behaviour of 
all four workers under all conditions is shown in Table VI 

Table VI 

Mean behaviour of the four top workers carding blends D.2-D.5. Effect of 
fancy speed, doffer speed and rate of feed 


Rate of 
feed 
lb /hr 

Doffer 
speed 
rp m. 

Average weight of wool 
on a worker in grams 

Weight of wool on worker 
per unit rate of feed— 
lb/hr 



Fancy speed r p m. 

342 358 384 406 

Fancy speed r.p.m 

342 358 384 406 

10 

4-6 

15-2 

11-9 

10-6 

9*0 

152 

1 19 

1*06 

0 90 

10 

13-9 

IM 

8*7 

7*0 

1*39 

Ml 

0 87 

0 70 

4.0 

45 

510 

47*4 

45-5 

42*7 

1*28 

1 19 

1*14 

107 


10 

44-7 

38 3 

34 3 

31 7 

1 12 

0 96 

0 86 

0*79 


It will be seen that as the doffer speed was increased the load of wool on 
the top workers decreased _ 

* Cleanng efficiency, it must be emphasised, refers to the ability of the doffer and fancy 
to clear the wool going through the machine* Thus if it is stated—as above—that the 
clearing efficiency under certain conditions is greater the higher the rate of feed, it does not 
mean that there is less wool remaining on the swift when more is going through, but a 
smaller proportion of the amount being fed in unit time, say per revolution of the stoift* 
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As the fancy speed was increased the load on the workers decreased, but 
again the extent of the benefit gained by increased fancy speed depended on 
the running conditions. The ratio of the average amount of wool earned by 
the top workers at 342 and 406 r.p m. fancy speeds was 1-99 at a rate of 
feed of 10 lb./hr. and doffer speed of 10 r.p.m. For the four operating 
conditions the ratios were: — 

Table Via 

Average amount of wool earned by top workers—^Fancy 342 r>p m. 

Average amount of wool carried by top workers—^Fancy 406 r.p.m * 


Rate of feed 

Doffer—10 r p.m. 

Doffer—4*6 r.p.m. 

Ib./hr. 

10 

199 

1’69 

40 

1-42 

1 20 


Thus the results again show the progressively smaller effect of raising 
the fancy speed as conditions are approached which put higher loads of 
wool on the swift. These tests on the top workers, however, did not show 
the benefit to vamsh entirely at the extreme condition of 40 lb./hr. rate of 
feed and doffer speed of 4*5 r.p.m, as was found when considenng the 
results of To this extent the results of the two experiments are 
inconsistent. 

The second half of Table VI shows the average values of W1-W4 reduced to* 
the average weight per unit rate of flow of wool through the machine. This 
was done in order to compare the clearing efificiency of the fancy and doffer 
at 10 and 40 lb./hr. At a doffer speed of 4*5 r.p.m. and a fancy speed of 
342 r.p.m. with a rate of feed 10 lb./hr, an average amount of 1*52 grams 
of wool was found on each worker per lb. / hr. flowing through the machine. 
At 40 lb./hr. the corresponding amount was 1*28 grams indicating a lighter 
load on the top of the machine per unit rate of feed and consequently the 
greater clearing efficiency at 40 lb,/hr The ratio of these two values, used 
as an mdex of the improved efficiency is I'lg. For the full range of 
operating conditions the full set of ratios indicating the relative clearing 
efficiencies at the two rates of feed is:— 


Table VIb 


Average amount of wool on top workers at 10 lb /hr 
Average amount of wool on top workers at 40 lb /hr. 


(perlb./hr. feed) 


Doffer speed r p m. 


Fancy spe 

ied r p.m 


342 

368 

384 

406 

4*6 

10 

M9 

1*24 

100 

M7 

0-93 

1-32 

0 84 
1*36 


These results are similar to, but not entirely consistent with those given 
in Table IV (b) when the behaviour of the underslung worker was under 
consideration, they again indicate, although not quite so conclusively, that 
the clearing action of the fancy and doffer is more efficient at high rates of 
production, but the degree of improvement is affected by fancy speed and 
doffer speeds, it becomes small at high fancy speeds and low doffer speeds. 
ConcluBion 

The results on the top workers are such as substantially to confirm 
those obtained from the tests on the underslung worker. 

There are differences m detail where exact agreement between the two- 
sets of results is not found. Too much importance should not be attached 
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to these differences, however, and the best interpretation of the behaviour 
of the fancy and doffer action is undoubtedly to be made from consideration 
of the results obtained from the underslung worker. This is because this 
worker deals only with wool escaping the action of the doffer whereas the 
amount of wool collected by the top workers will be determined not only by' 
this, but also by their reaction to different rates of feed of new wool entering 
the machine. Thus in Table VI(b) the ratio of the amounts of wool per 
unit rate of feed collected by the top workers at different rates of feed will 
not only be affected by the different efSciencies of the doffer and fancy in 
clearing the swift under these two conditions, but possibly also by different 
behaviours of the top workers themselves in handhng the wool at such 
different rates. 

Tests on fihrA length 

During Experiment III samples of fibres were taken during the pro¬ 
cessing of blends D.2, D.3, D.4 and D.5 from (i) the last top worker and (2) 
from the carded web. These samples were all taken when the fancy was 
running at 358 r.p.m. at the high and low doffer speeds and at the high and 
low rates of feed. 

About 1,000 fibres were measured from each sample taken and the mean 
fibre lengths found are given in Table VII. 


Table VII 

Mean fibre length—cm. 
Fancy speed 358 rp.m. 


Fate of 
feed 
lb /lir. 

Doffer 
speed 
r p m. 

D 

.2 

D 

1 

.3 

D 

4 

D 6 

Worker' 

Web 

Worker 

Web 

Worker 

Web 

Worker 

Web 

10 

4*r> 

10 





3 33 

3 60 

2‘93 

3-06 

1-78 

1*71 

1-63 

1*70 

40 

4’5 

10 

4*10 

4*08 

4 00 

8 50 

3-03 

3 01 

2- 72 

3- 03 

3 54 
3*37 

2 91 
2-87 

1-72 

1-78 

m 



1 Mean fibre length 

Mean fibre length 

in carded web 

Blend .. 








Web 

10 lb /hr. 

401b./hr. 


10 r p.m. 

D 2 

3 80 



3*80 


3*68 

B3 

3 30 


3-14 

2*88 

2 94 

3*08 

D4 

3 44 

2-94 

2-99 

2 89 

2 92 

2*90 

D 6 

1*76 

105 


104 

104 

1*00 

Mean 

3*10 

2 80 

2-80 

2 80 

2 78 

2*82 


The detailed results are given m the top half of the table, but as the 
errors of fibre measurement of woollen blends are so great (the samplmg 
error alone gives each figure quoted a standard error of 2 per cent.) the 
mean values worked out in the lower half of the table will be used to state 
the general conclusions of the test. 

It is not surprising to find that the fibre length of the wool on the worker 
is greater than the mean fibre length in the emerging web. The worker will 
tend to collect those which protrude most prominently from the swift clothing 
and these will be long fibres. 

Conclusion 

The average fibre length in the carded web is unaffected by doffer speeds 
or rate of production. This is true of each individual blend. In this con¬ 
nection it should be remembered that the wool hjid been well scribbled before 
entering the machine 


















Table VIII 

Weight of wool in grams on underslung worker—^Effect of fancy speed and rate of feed for five different fancies 
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Experiment IV 

The effect of fancy speed and rate of feed on the clearing efficiency of five different 
fancies 

The results just described were obtained with one fancy only and it was 
thought that they ought to be confirmed with other types of fancy. Five 
fanaes were accordingly taken and the following tests done with each in turn. 

A batch of Keriy lambs wool was given the same treatment as before on 
the Garnett breast and first two swifts of another machine. The lap from 
the Tatham feed was cut into 60 in lengths and fed to the unit card. 

The conditions of operation were as follows: — 

Swift speed 84 r.p m. 

Workers' speed 4-5 r.p m. 

Doffer speed 10 r.p.m. 

Fancy speeds 342, 338, 384 and 406 r,p,m. 

Rates of feed 10, 20, 30 and 40 lb./hr. 

The settings of workers to swift and doffer to swift were kept constant 
throughout the whole series of tests 

In addition, in view of the findings of Test 2 a test was done at 40 Ib. / hr. 
rate of feed, at each fancy speed, but with the doffer running at 4-5 r.p m. 
Thus in all 20 tests were made on each fancy, measuring Mr ,—^the amount of 
wool carried by the underslung worker. 

All fancies were set to the swift as far as possible exactly alike by 
chalking the swift and using this to gauge the equality of the area of contact 
of each fancy and the swift. All fancies were the same diameter and they 
were of the following types: — 

F.i A normal type with fillet clothing and a straight wire. 

F.2 With fillet clothing and a strong wire. The strongest fancy. 

F.3 A sheet fancy with straight wire 
F 4 A fancy with wire of sickle bend form. 

F.5 With fillet clothing straight wire with a veiy open zig-zag setting. 

The results which were, obtained in this test are given in Tables VIII 
and IX. 

It will be noted that the results set out in Table VIII refer to running 
conditions in which the swift is not likely to be heavily loaded as the doffer 
was running at the highest available speed, i.e, 10 r.p.m In the top half 
of the Table, A, the weights of wool found on the underslung worker are 
given, and m the lower half, B, these results are reduced to the amount of 
wool on the underslung worker per unit rate of feed into the machine. At 
the bottom right hand comer of the table the average results for the five 
fancies are worked out. 


Table IX 

^ 6 —weight of wool on nnderslung worker—Effect of fancy speed at slow doffer speed-— 
4 5 r p m —and high rate of feed —40 lb./hr. 


Fancy 

I Fancy speed r.p.m 

342 

368 

384 

406 

FI 

65 8 

69 9 

60 5 

65-0 

F.2 

64 0 

50 8 

54 5 

64 8 

F3 

67-0 

56 2 

63 7 

66 7 

F4 

49 0 

48-2 

47 0 

46 5 

F5 

52 3 

60’7 

46-6 

45 3 

Aveaage ... 

63-8 . 

533 

62 4 

51-7 
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It will be seen for each fancy for every rate of feed adopted the effect of 
increasing fancy speed was to render its action more efficient because less 
wool was found on the undcrslung worker as the fancy speed was increased. 
As the rate of feed increased, however, the benefit obtained from increased 
fancy speed diminished For example at 10 lb./hr. rate of feed (on the 
average values for the 5 fancies), the effect of increasing the fancy speed from 
342 to 406 r.p.m. can be estimated by the ratio of 13 -3 to 8-7, i,e, 1*53 At 
20 lb./hr. the corresponding ratio is 1*36, at 30 lb./hr., i 20, and at 
40 lb./hr. 1*34. 

These results are in accordance with those found in Experiment II, 
under the conditions of a quickly running doffer. 

Secondly we may note the effect of increasing the rate of feed. In 
general in all cases the effect of increasing the rate of feed was to decrease 
the amount of wool on the underslung worker per unit rate of feed into the 
machine Considering the average results for all 5 fancies it can be shown, 
however, that as the fancy speed increased there was less benefit from the 
increased rate of production; for example at a fancy speed of 342 r.p m 
the ratio of the unit amounts of wool on the worker 13-3/10*7=1-24; at 
358 rp.m.«i2*2/9*6==i*27; at 384 r.p.m =io*2/9*3=i*io and at 406 
r.p.m. = 8*7/8*0=1*09. These results are also in accordance with the con¬ 
clusions of Experiment II 

We turn now to the results shown m Table IX, data collected from these 
5 fancies when conditions were such as to place a heavy load on the swift. 
These were conditions of a high rate of feed and a slow doffer. 

Under conditions of light swift loading we have just seen that as fancy 
speed IS increased the amount of wool on the underslung worker decreases, 
but under these new conditions of heavy loading, it can be seen that the 
benefit of increased fancy speed is negligible. This is also in accordance 
with the conclusions of Experiment 11 . 

CONCLUSION 

The four experiments described show by a new experimental technique 
how the efficiency of the action which clears the wool from a card swift is 
affected by doffer-swift setting, doffer speed, fancy speed and rate of feed. 
The conclusions stated at the end of Experiment II will not be repeated, but 
it may be remarked that the truth of these conclusions has been confirmed 
with several wools and 5 fancies all of which exhibit the same behaviour. 
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51 -A new apparatus for measuring the density 

OF FIBRES 

By S. H. Mhatee and J. M. Preston 

iCoitynght by the Textile Institute) 

INTRODUOTION 

A method has been devised for measuring the densities of fibres, from 
which their sorption of solutes can be calculated. Density determinations 
enable the quantities of solute sorbed to be determined more accurately than 
can be done by ordinary analytical methods, A float method was adopted for 
measuring density. Suspended floats have been used by vanous workers, but 
there is always the uncertainty introduced by the correction factor for the 
surface tension pull on the suspending wire. To make this as small as possible, 
very fine wire has been used. To reduce the surface tension pull to values of 
the order of i milligram, wire as fine as 50 S W.G must be used. Such fine 
wire is very fragile and can be used only with very light floats. To avoid this 
difficulty altogether it was decided to use a totally immersed float 

When using totally immersed floats one method of controlling the float so 
as to balance the buoyancy of the liquid is by the Cartesian diver " prin¬ 
ciple. In this method the buoyancy of the float is varied by varying the 
volume of the float. This can be done if the float is made with a thm and 
deformable panel in it. When the external hydrostatic pressure is increased 
the float diminishes in volume and its buoyancy is correspondingly reduced. 
In any measurement the hydrostatic pressure is steadily increased by apply¬ 
ing air pressure to the vessel containing the float till the float ]ust sinks. The 
float is calibrated in a scries of solutions of known densities by determining the 
air pressures required for sinking the float m each case. In use, the method 
presented several difficulties, one of which was the difficulty of knowing the 
changes of density introduced by the changes in amount of air dissolved at 
different pressures Another difficulty was the fragility of the floats. The thin 
deformable panel in the head of the float was very easily fractured. Because 
of these difficulties the method was abandoned and an electromagnetic method 
was adopted. 

Previously Lamb and Lee^ and Bishop® had used electromagnetic 
methods. The former workers used a large float of 250 c.c. and a very large 
volume of liquid, about 4 litres, and claimed a very high accuracy of measure¬ 
ment. Bishop devised a routine method of comparatively low accuracy. For 
the present work an accuracy lying between the accuracies of these two 
methods was required. It was necessary to use far smaller volumes of solution 
than were used m the Lamb and Lee method, and it was also desired to use 
the method for measuring the densities of fibres, 

APPARATUS AND METHOD 

The apparatus finally designed used a float F of about 5 c.c. capacity in a 
tube D holding about 150 c c, of liquid, as sketched in Fig. i. The density 
tube is completely filled with liquid in a special apparatus desenbed later 
The density tube contaimng the float is mounted co-axially inside a large tube, 
H, and held in position by brass '' spiders ** B, B The outer tube H is in 
effect a thermostat. Water is circulated through this by a Stuart No 10 
centrifugal pump. The circuit of the water circulating system contains a large 
vessel of 5 litres capacity filled with a mixture of crushed ice and water which 
is kept continuously stirred by an electric motor and stirrer. In these circum¬ 
stances the temperature in H is kept constant to within ±0*005® C. The tern- 



T 83 a 


51 —A New Apparatus for Measurtng the 



Fig. 1 

perature is observed on an accurate thermometer, T, graduated mo 01° C. 
The operating temperature is found to be 0-30° C In later work a Townson 
and Mercer type S127 thermostat has been used at a temperature of 30“ C. 
and water from this is by-passed through the tube H. This gives a similar 
constancy of temperature. 
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The outer tube H, is mounted co-axially inside a solenoid, S The design 
of the solenoid was carefully considered with a view to obtaining as uniform 
.a field as possible. Data m the literature indicated that the length of the 
solenoid should be at least twice its diameter. The pull on a long armature 
should then be uniform over more than a third of the depth of penetration of 
the armature into the solenoid. A solenoid was wound on a brass tubular 
former of 9*5 cm. diameter and 22 cm. length. 1,000 turns of 17 S.W.G. 
copper wire were wound on the former. This had a resistance of about 6-5 
ohms. The float contained a 16*5 cm. length of soft iron wire of 0*23 mm. 
diameter. The pull on the float produced by a current in the solenoid was 
measured when the float wa.s at different levels in respect of the penetration of 
the armature into the solenoid. The level of the float was obsrved with a 
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Fig. 2 

cathetometer and the pull on the float was measured by the current required to 
permit the float just to rise very slowly when the armature was at different 
levels The results are shown in Fig. 2. It will be seen that there is a range 
of uniform pull over about 2 or 3 cm. This is very convenient because it means 
that when making a measurement the exact position of the float is immaterial 
provided the armature lies within this range. The density tube, Z>, is fixed 
at a convenient level so that the float lies within this range when pulled down 
to the bottom of the tube. 

To make a measurement the float is pulled down by sending a current of 
1*2 amp. through the solenoid. This has the effect of centring the float since 
the density tube D is conical at the bottom. The current is then slowly reduced 
till the float just rises. The current through the solenoid is now measured, 
which from the calibration curve gives the pull on the float. 
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The possibility of hysteresis in the iron of the armature was considered as 
a disturbing factor, but it was found that provided the same routine was 
followed the results were well reproducible 

The routine of measurement was to pull down the float with a current of 
1*2 amp. and then slowly to reduce the current as descnbed. It was found 
that there was a Imear relation between the solenoid current and the arma¬ 
ture pull as shown in Table I below 

Table I 

Calibration of the current in the solenoid and the pull on the float 


Temperature of water.. 0 30“C , 

Density of water ... . 0 99989 g./cc 

Density of platinum . .. 2T4:6g/cc 


Platimim weights 
after correction for 
buoyancy in water 
mg. 

Current required 
to balance float 
and weights 
milliamperes 

Current equivalent 
to the weights added 
mg per 

milliamperes milhampere 

0 00 

916 

_ 


4‘26 

718 

198 

0 0216 

6 93 

593 

323 

0 0126 

9 95 

453 

463 

0»0215 

12 94 

314 

602 

0»0216 

16 76 

137 

779 

0 0216 


The current through the solenoid was used only to produce pulls on the 
float at the most of 20 milligrams and by a current of 1 amp. If larger pulls 
were required they were obtained by a combination of platinum weights hung 
from the float and electromagnetic pulls given by the solenoid. In practice 
this has meant that the first two decimal places of density were obtained with 
the weights and the last three places by the current through the solenoid. 
Currents of less than 137 milliamperes were not used and therefore it is 
possible that the relation was not linear for the smallest currents. 

The earlier workers had recommended using a soft iron armature, and an 
iron wire which was believed to be soft was used at first. Consideration of 
the factors involved, however, showed that soft iron could not give a linear 
relation for the smallest currents because of the shape of the hysteresis loop 
However, a linear relation was observed with the lowest current used This 
is shown by the data of Table I. It is possible that the heat treatment that 
had been used for straightening the wire may have hardened it. As the 
essential condition for getting a linear relation between solenoid current and 
armature pull is that the armature maintains a constant intensity of mag¬ 
netization, it appears preferable to use a metal for the armature which would 
have better retentive properties. As magnetic matenals of the type of Alnico 
were not available in the desired form of thin wire the best that could be used 
was an ordinary hard steel wire. A fresh float was therefore constructed using 
a steel wire of 0*25 mm. diam and 16*5 cm long The relation between 
current and the pull on the armature was re-determined. It was again found 
to be linear withm the experimental error over the range tested and this con¬ 
firmed the view that what was required was a permanent magnet for the 
armature In view of this the hard steel wire armature is being used for all 
further work. 

The accuracy of the method used is believed to be 2 parts in 100,000 with 
a 3 c.c. float In making calculations of the density of a'solution the Weight 
of the float in air enters into the calculation twice, once in the determination 
of its volume from its weights in air and water and again whilst determining 
the density of the liquid under measurement, Because of this its absolute 
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value IS less important than appears at first sight. Thus if the allowance for 
the buoyancy of the float when weighed m air is omitted it introduces a small 
error. This can be seen as follows; % 

Let w = weight of float in air, 

t£;is= weight of platinum weights used with water 

weight of platinum weights used with solution under test 
:k;,=Pu 11 on armature to balance in water. 

X:^-pXLll on armature to balance in solution 
cri=density of water. 

density of solution. 

(Tq = density of platinum. 


The volume of float + platinum weights used with water 


Volume of float == 




CTs 


When the upward and downward forces are balanced 
ds 




_ ^+”*8+^2 ^ W+W^+Xj 

^ , W2 zei+?eii+*i Wi , zeij 

A — - —-r — 

^3 Oi G Q C z 

__ W+W2+X2 

"" W+Wx+X^ 

—+ ~aT 

The buoyancy of the float in air introduces an error in the weight of the float 
of -6 45x0 00107= -0-00690 g. and an error m the platinum weights of 
+ Wi (or W2) X 0*00009 Since Wi and are never greater than i g , the 
greatest correction for the buoyancy of the platinum weights is *f-o-00009 g. 
Because the teim enters both into the numerator and the denominator of the 
above expression, a small error in w does not affect the value of 0*2 very much. 
An example will make this clear 

=0-01958 g 
00480 g. 

W 2 =o ii929g. 

«o* 02015 g 

o-x=o* 99988 g./c.c 
era = 21 45 g-/C*C. 

_ 6*4571+^-11929+0*02015 _ 

^ ^4571+0*01958+0*00480 0* 11929—u 01^ 

0*99988 21*45 

= 1*01690 g./cc. 

If the correction for the buoyancy in air is made and all the weights are 
referred to vacuo 

w =6-4631 g. 
s!e^i=0'01958 g. 
w;a=o • 11928 g 
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Xi aad x^2 are the same as before and the density after applying these 
corrections is given by 

_ 6-4631 +0-11928 +0»020I5 _ 

6-4631 +0-01958 +0-00480 0-11928—0-01958 

0^99988 21-45 

= 1-01689 g./c.c. 

Thus the buoyancy correction does not introduce any serious error in this case 
For solutions of higher density a greater error is caused by the omission of 
the buoyancy correction. In all the data given, however, correction was 
made for the buoyancies in air. 

A variation of the temperature of the liquid in the density tube if it has 
a thermal expansion similar to that of water is less important near the freezing 
point than at higher temperatures. Thus the change in density for a variation 
of 0‘i^C. at 0-3® C. is 0-6 in 100,000, whilst at 30® C. it is five times as 
great, so that a temperature range ±0*1® C. is sufficient at 0*3® C., but at 
30® C. the temperature variation should not exceed ±0 02° C. The tem¬ 
perature vanation in both cases was less than this 
Electrical Circuit 

The electrical circuit used is shown in Fig. 3. The diagram shows that 
there are in effect two electrical circuits. The solenoid circuit is made up of 
the accumulators, B, the current from which is controlled by the variable 
resistance and indicated approximately by the ammeter, A, in series with 
the solenoid, S, and a standard i ohm resistance, The control of the float 
is obtained by varying Ri. The current flowing through the solenoid circuit 
is indicated precisely by the potential drop across This is measuied with 
the help of the potentiometer circuit. 

Verification of the Accuracy of the Apparatus 

A check upon the accuracy of the apparatus was obtained by measuiing 
the density of a solution of Analar sodium chloride of known strength. Allow¬ 
ance was made for the buoyancy of the platinum weights in the liquid being 
measured These were all made from the same lot of wire and the density was 
taken as 21 • 45 g. / c.c. An interpolated value of the density of the solution of 
the concentration used was obtained from the data given in the literature * 
The values are given below: 

Sodium chloride concentration 6-4796 g /lOO g. solution at 0-3° C. 

Density-Interpolated value** i • 04943 g. / c.c, 

Density-Densitometer value i • 04941 g. / c.c 

FIBRE DENSITIES 

The density of hbres in water can be' determined by finding the weight of 
the fibres in air and in water. This gives the volume of the water displaced 
by the fibres and their density can be calculated The weight of the fibres in 
water can easily be determined with the help of the densitometer 

Air dry fibres about i g were packed m a small conical glass basket 
weighing about i g After packing the dry fibres in the basket K, in Fig 1, 
a yam of the same fibres was wrapped round the basket a few times to prevent 
any loose ends from protruding and touching the side of the density tube 
The float, together with the empty basket, was weighed in air, and the weight 
in water was determined with the densitometer. 

The packed basket and the control samples of the same fibres were 
conditioned for a week at 64 per cent. R.H. The moisture content of 
the control samples was determined by weighing and drying in an oven at 
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110° C. to constant weight. The moisture content of the fibres packed in the 
glass basket was taken to be the same and thus the amount of oven dry 
cellulose present was known without the complication which would have been 
introduced by drying the sample itself 



lometer 


Fig 3 



The fibre sample was de-aerated in a manner similar to Herman's pro¬ 
cedure® by boiling in water for 30 minutes and allowing to remain submerged 
at room temperature for 24 hours. The basket and fibres were transferred to 
the density tube without being taken out of water. The procedure was to 
transfer the basket and fibres to a small tube full of water, keeping them 
submerged. The small tube, A, was now transferred to the shelf S of a special 
stainless steel trough T, shown in Fig. 4. The trough had previously been 
filled with boiled out water after the density tube, D, had been packed in it. 
Then the basket contaimng the fibres was hooked on to the bottom of the 
float and transferred whilst still submerged from the shelf of the steel trough 
and lowered into the density tube. Any platnum weights required were 
attached at the same time. 

The densitometer tube was stoppered with a rubber stopper through 
which passed a glass capillary tubing carrying a short length of rubber tube 
together with a screw clip. When the stopper was being fitted in the tube, 
the screw clip was left open, and this allowed water to escape. Afterwards the 
clip was closed. The filled density tube was placed m the thermostat as shown 
in Fig, 2. About ij- hours were allowed for temperature equilibrium to be 
attained and the balancing current was determined as before. 

The calculation of the density is made as follows: 
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Determination of the Volume of the Float and Basket 

Weight of the float.4 162a g 

„ „ „ basket . .I-iSSog 

,, „ „ platinum weights added.0-714450 

Pull due to the current in the solenoid .. . .. o-00628 1 

Total weight and pull of the s}^tem .6-037941’ 

6•03794 

Volume of the system=^^-^= . . ... 6-038660.0, 

„ „ „ plahnum weights .. .0-0333100. 

>* tt It float and basket . . ... , 6-0053500 

Determiiiktion of the Density of Viscose in Water 

Weight of the basket and fibres conditioned at 64 per cent. R.H 2-6265 g. 

,, „ ,, fibres conditioned at 64 per cent. R.H. . , i 47i5g. 

Moisture content from separate determination.I2*04p.c 

Weight of the oven-dry fibres .1-2941 g. 

,, „ „ platinum weights added - - ... o-2M43g, 

Pull due to the current in the solenoid . . . . . 0 00353 g. 

Total weight and pull of the system . . ..6 815246 

Volume of the system=jJ^^^= .6-8160500. 

Volume of the float, basket and platinum . ... .. 6-014700 0 

tt tt tt fibres .-. . . ... 0-801350.0. 

Density of the fibres . . .i-6i49og./o.c. 

This determination was done in quadruplicate with the results shown 
below: 1-61490^ 


x-6iSoJ 

It will be seen that these values agree to ± o • 7 in the fifth decimal place. Better 
agreement could not be expected since the dry fibres were weighed to the fourth 
decimal place only. Comparative values from the literature for ‘‘normal’* 
viscose rayon fibres are ‘ 

1-6084 Davidson.^ i-6143-1-6203 Hermans.® 

The results obtained with the new method arc in Hermans’ range, but no exact 
comparison should be attempted since different fibres were used in all cases, 
and it IS known that the density in water varies with the degree of crystallinity 
and possibly it also varies with other factors as well. 


When examining the calculation of density given above it will be noted 
that the weights of the basket and float are given to the fourth decimal place 
only This does not preclude results being obtained to the fifth decimal place 
if the fibres are weighed to this accuracy when dry. The reason for this is that 
the weights and volumes of the float and basket enter into the calculation twice 
in the form of a difference and any errors in their measured values are auto¬ 
matically annulled 
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52—THE UREA-PHOSPHORIC ACID METHOD 
OF FLAMEPROOPING TEXTILES 

By F. V. Davis, J. Findiay and E. Rogers 

{CopyngU by the Textile Institute) 

SUMMARY 

It has been confirmed that a flame-resisting property, capable of with¬ 
standing mild laundering, can be imparted to cellulosic fabrics by treatment 
with urea and phosphoric acid followed by heating The chemistry of the 
process is investigated. 

I. INTRODUCTION 

The Bancroft Co., of U S.A., was granted a patent in 1945 and sub¬ 
sequently a series of patents relating to a method claimed to impart to cellu¬ 
losic fabncs a flame-resisting property capable of withstanding water and mild 
laundering without unduly impairing strength or other properties The 
obvious interest of such a method to the Services prompted an investigation 
* of this claim which is reported here together with some observations on the 
chemistry of the process. 

According to the earliest Bancroft patent, a flameproof finish capable of 
resisting washing with hot water is imparted to cotton cloth by applying a 
mixture of 1-4 parts of urea and i part of phosphonc acid to the fabric by 
padding, drying the impregnated cloth, and then *'curing*' it by heating at 
temperatures between 125® and 175° C. The amount of total solids added 
to the fabric at the padding stage is stated to be about 68 per cent, of the 
initial weight of the cloth. This treatment is said to involve a loss in strength 
of 15 per cent, under the best conditions. Mention is made of the fact that 
less tendering of the fabric occurs if the urea-acid mixture is pre-heated 
before application to the fabric. In a subsequent patent specification a mix¬ 
ture of 2 parts of urea, and i part of 75 per cent, phosphonc acid was used 
which was heated to 140^-170® C., cooled, diluted, rendered slightly alkaline 
with ammonia, and treated by addition of an aldehyde, e g formaldehyde. 
The remaining patents of the senes deal with relatively minor modifications, 
more especially with the partial substitution of the urea by another organic 
base. 

Preliminary experiments substantiated in a qualitative way the claims 
made for the patented process and showed that no flameproofing effect 
followed if the temperature of curing was below 130® C. The upper prac¬ 
tical temperature limit was about 175® C., above this temperature scorching 
occurs. 

Following these preliminary trials a systematic investigation into the 
effects of the several variables on the efficiency of the process was carried out, 
and some consideration was given to the elucidation of the chemistry involved. 

These experiments are described in detail below 

Between the conclusion of this work and its publication in the present 
form, a letter appeared in the technical press® which discusses earlier ideas 
and confirms some of our findmgs. Also it has been proposed to put the 
strong ion exchange behaviour of phosphorylated cellulose to practical use.^® 

II. DISCUSSION 

The series of trials recorded in Table I showed that whilst most of the 
solid matter added at the padding stage had been removed by the washing 
treatment some phosphorus and nitrogen were fixed by the cellulose, and 
that the efficiency of the flameproofing was proportional to the amount of 
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phosphorus fixed At the same time, the loss in strength increased with the 
amount of phosphorus bound, so that it would, in practice, be a question of 
balancing acceptable loss in strength against adequate fixation of phosphorus. 
For complete flameproofing, by which is meant inability of the fabnc to 
propagate flame at all after withdrawal of the source of ignition, a minimum 
of about 3 per cent phosphorus on the weight of cloth seemed necessary, and 
with this amount of phosphorus a loss in strength of about 20 per cent was 
found. 

It did appear that pre-heating the urea and acid mixture before applica¬ 
tion to the cloth reduced tendering, this is not surprising, as a simple mixture 
of the urea and acid had a pE value of i-8, whereas after heating the sub¬ 
stances together the pH value rose to 5-6. 

Further series of expenmental tnals, using the formaldehyde modification 
of the process, studied the effect of variations in cunng conditions on 
fixation of phosphorus and los^ in strength (Table II). 

These trials confirmed the view that a completely flameproof finish could 
be obtained by adjusting curing conditions so that 3 per cent, or more of 
phosphorus was fixed by the fabric, and that, for this phosphorus content, 
a loss in strength of about 20 per cent, was normal. The time of cure 
necessary was found to be between i and 2 hours at 130° C., and about 5 
minutes at 175® C. Obviously treatment at 130® C. would be very slow for 
commercial work, but if the highest temperature-range is used, very close 
control of both temperature and time will be necessary if under-cure (and 
hence poor flameproofing efficiency) on the one hand, and over-cure (and hence 
undue tendering and perhaps scorching) on the other hand, are to be avoided. 

At the commencement of this work, the mechanism of the process was 
obscure, and in fact, not even the initial reaction between urea and phos¬ 
phoric acid appeared to be understood The patentees claimed that the urea 
neutralised the acid and acted as a buffer, but this is clearly an over simpli¬ 
fication, as urea does not form neutral salts by substitution, but acid salts 
by addition. 

Our experiments indicate that di-ammonium pyrophosphate is formed and 
that this salt, in presence of urea, is the effective fireproofing agent. 

Fabric from which the nitrogen had been removed by a caustic alkali 
boil was not flameproof despite its phosphorus content; it became flameproof 
on treatment with acid, and lost its flameproof property again when treated 
with a metal salt It would seem that a compound, probably an ester, vdth 
acidic properties is formed, the acid ester and its ammonium salt confer 
fireproof properties, whereas the salts of sodium or other metals do not. 

The behaviour with methylene blue and with cuprammonium solution is 
consistent with the formation of a cellulose ester. Confirmation of ester 
formation, and evidence as to whether the ester is a pyrophosphate or an 
orthophosphate, can be obtained by calculating the ammonium and phos¬ 
phorus fixed in terms of the two esters and companng the results with the 
observed increase in weight. The ratios between phosphorus and ammoma, 
phosphorus and lead in the case of fabrics treated with lead salts, phosphorus 
and sodium in the case of fabrics treated with caustic soda, will differ for 
orthophosphate or pyrophosphate formation, and so may 3deld evidence as to 
which ester is formed 

The mean gam in weight is close to that calculated from the observed 
phosphorus content on the assumption of orthophosphate formation (Tables 
VII and VIII), but the scatter of individual tests is rather large. The atomic 
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ratio of phosphorus to ammonia is i;o-94 (Table XI) and 1:0 85 (Table 
VII): the atomic ratio of phosphorus to lead is 1:1-05 (Table IX) and 
1:1-07 (Table X), whilst the atomic ratio of phosphorus to sodium is i. i • 85 
(Table XI). If the ester is a pyrophosphate it will presumably be either 

9 O 

Cellulose— 0 ““P-—ON'IJ 4 
or O 

Cellulose —O —P—ONH, 

S 

Neither of the above formula*, however, would permit of the formation 
of compounds containing the following: — 

{a) Phosphorus to lead ratio of i: i (Tables IX and X), 

(6) Phosphorus to sodium ratio i. 2 (Table XI) 

It seems, therefore, that whilst the ester first formed may be a pyrophos¬ 
phate the final product present on the fabnc after washing must be the 
orthophosphate 

O 

Cellulose——O—P—ONH 4 

I 

OH 

since this would explain the formation of the metallic compounds mentioned 
above. 

In contrast to the literature on nitration and organic esterification, the 
published work on phosphorylation of cellulose is very scanty and most of 
it consists of patent claims, pnmarily for production of bases for lacquer/*^ 
Birtwell, Clibbens and Geake® studied the hydrocellulose formation when 
phosphoric acid was dried into cotton cellulose at temperatures up to 130® C. 
for 2 hours. They noted high methylene blue absorption both at pH 7 0 
and pH 2*7, and found evidence for fixation of a small amount of phos¬ 
phorus (up to about 0*1 per cent.) which was not removed even by caustic 
alkali Their products were highly degraded, and in fact hydrocellulose 
formation appears to be always the main result of treating cellulose with 
phosphoric acid. 

It is suggested that the excess of urea, being liquid at the temperature of 
curing, may act as a solvent or medium assisting esterification. 

The formation of a pyrophosphate from an orthophosphate at 175° C is 
unexpected, as the transition temperature for orthophosphates heated alone 
is normally given as 225° C 


Cellulose—0——ONH 4 

0 

0=1’—ONH 4 


III. EXPERIMENTAL 

The results of the experiments described below are recorded in the 
Appendix (Tables I-XI and the figure) Fabnes in the tests were conditioned 
at room temperature unless otherwise stated. 

1. Padding and Curing Procedure 

For padding, a laboratory mangle was constructed which could reduce 
the retention of absorbed liquor to 85 per cent, of the fabric weight, although 
in the experiments a liquor retention of 100 per cent, was normally used. 
The width of fabric taken by the mangle was 20 inches. 

For curing, an electric heater was constructed in which a hot air current 
rose by convection from two heater spirals, one of kilowatt and the other 
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of i kilowatt. The latter was wired m senes with a Sunvic control, so that 
any desired temperature between 125® C and 175° C could be maintained 
within 1° C. The cloth was stretched on a rectangular frame carrying metal 
pins about 0-5 inches apart; this frame could be slid into the upper part of 
the heater 

Light twill cotton fabnc was used throughout the experiments and being 
bleached did not present any processing difficulties pnor to impregnation 
After padding, the cloth patterns were air-dried at laboratory temperature, 
and then mounted on the frame which was slid into the dryer, previously 
brought up to the desired curmg temperature. After curing, the cloth pat¬ 
terns were washed in water to remove unfixed soluble matter, rinsed and 
dried. / 

2 . Effect of Variations in Impregnant and Cure on Fixation and Loss in Strength 

Padding liquors were prepared either by mixing the desired amounts of 
urea and 75 per cent, phosphoric acid with water, or by heating the urea 
and phosphoric acid together at 100° C for 3 hours, and then adding the 
requisite amount of water to dissolve the product at room temperature. The 
former solutions are referred to a^ "'Acid Liquors", and the latter as 
" Neutral Liquors The liquors used were as follows: 

Acid Liquors: (i) 2*7 g of urea and i g of phosphoric acid dissolved in 
4*4 ml. of water; 

(ii) I g. of urea and i g. of phosphoric acid dissolved in 1-7 ml. 
of water; 

Neutral Liquors; (i) i g. of urea and i g of phosphoric acid dissolved in 
1-7 ml, of water; 

(ii) I g. of urea and i g. of phosphoric acid dissolved in 1*35 
ml. of water. 

Portions of fabric were padded in suitable volumes of each of the four 
liquors to give a liquor retention of approximately 100 per cent on the 
original weight of the fabric For each of the four types of impregnant, three 
pieces of fabric were cured at 130° C. for different periods of time 

Loss in strength, flameproofing, phosphorus and total nitrogen contents 
were determined on cured patterns which had been washed in water a1 
70® C., nnsed, dried and conditioned. The results are given in Table I. 

3 . Effect of Variations in Cure on Fixation and Loss in Strength of Fabrics 
Impregnated with Liquor treated with Formaldehyde 

The impregnating liquor was prepared by heating 200 g of urea and 
100 g. of 75 per cent, phosphoric acid to 173® C., at which point heating was 
discontinued and the mixture allowed to cool Before the mixture could 
solidify successive additions of 100 ml, of water, 16 ml. of ammonia (0 880) 
and 43 ml of formaldehyde (40 per cent) were made. 

The fabrics were impregnated and the expression of liquor was adjusted 
to leave 100 per cent by weight of liquor on the weight of the fabric. 

After drying, the fabnes were cured at 130® C. for 30, 60, and 120 
minutes, at 137® C. for 30 and 60 minutes, at 145® C for 30 minutes; at 
160® C for 15 minutes, and at 175® C. for to minutes 

All the cured patterns were washed in water at 53® C. for 15 minutes, 
then nnsed m cold water and dried. On the washed fabnes total nitrogen, 
phosphorus and loss in strength were determined. The results are given in 
Table II 

The loss in strength is greatest at high curing temperatures. Low tem¬ 
perature curing is slow. 
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4* Effect of Washing Treatments on Retention of Nitrogen and Phosphorus of 

Fabrics treated with Liquor modified by means of Formaldehyde. Series I. 

The liquor used was similar to that employed in the preceding trials, and 
the impregnation was also on the same lines. The dned fabrics were cured 
at 145® C. for 20 minutes, and at 175"* C. for 8 minutes. One portion of 
fabric from each cure wa? washed in water at 55° C. for 15 minutes, fol¬ 
lowed by a rinse in cold water. When dned, these samples were tested for 
phosphorus and total nitrogen content. A second portion from each of the 
cured fabrics was washed in a solution containing 0*5 per cent soap and 
0*2 per cent, sodium carbonate at 80® C. for 30 minutes. The comparative 
results are shown in Table III, 

There is a marked drop in the nitrogen content due to the alkaline scour¬ 
ing treatment. The apparent increase in strength of the fabric treated with 
soap is probably due in large measure to shnnkage. 

[6. Effect of Washing Treatments on Retention of Nitrogen and Phosphorus. 

Series II 

A fabric impregnated with liquor treated with formaldehyde was cured, 
and subjected to washing treatments of various degrees of severity, and the 
total nitrogen and phosphorus contents were determined. Nitrogen present as 
the ammonium radicle was determined by distilling the fabnc with sodium 
carbonate solution. The actual treatments used were:— 

(a) Cured only, no after rinse, 

(b) Washed-off in water at 70° C. for 13 minutes, rinsed in cold water, 
dried. 

(c) Scoured in a solution containing 0*5 per cent, soap, and 0-2 per 
cent, anhydrous sodium carbonate m a reversing wash-wheel at 
70® C. for 30 minutes, rinsed in water at 40® C., nnsed ofE in cold 
water, and dried. 

(d) Washed as in (b) above six times in succession, with intennediate 
rinsing and passage through a tight roller mp, then dried. 

(e) Boiled in i per cent, sodium hydroxide solution for 30 minutes, 
nnsed in water at 70® C. for 5 minutes, nnsed in cold 0*5 per cent, 
acetic acid, rinsed m water, then dried. 

(/) Boiled in i per cent, barium hydroxide solution for 30 minutes and 
after-treated as in (e) above. 

The results are given in Table IV. 

Since much of the phosphorus remains after the severe alkali treatment, 
the phosphorus is obviously firmly bound, whereas the nitrogen is not so 
firmly bound. The odour of ammonia was apparent on treatment with 
caustic alkali. 

The effect on flameproofing property is recorded m Section 7. 

6. Effect of Washing Treatments on Patterns processed by the Patentees 

Six patterns processed by the Patentees were tested for resistance to 
washing by determimng phosphoius and total nitrogen contents after various 
treatments as follows: 

(<2) Fabnc as received. 

(b) Fabric boiled for 30 minutes in distilled water. 

(c) Fabric washed in wash-wheel for 30 minute? in a solution containmg 
0*5 per cent, soap and 0*2 per cent, anhydrous sodium carbonate at 
70° C. 

(d) Fabric washed four times successively as in above. 

(e) Fabnc washed ten times successively as in (c) above. 



t844 5 ®— Urea-phosphonc Actd Method of Flame- 

(f) Fabric washed for 30 minutes in wash-wheel as in (c) above, but at 

94° C. . 

(g) Fabric washed four tinfes successively as in (/) above. 

{h) Fabric boiled in 0-5 per cent, sodium hydroxide solution for 30 
mmutes. 

The results are given in Table V. 

The original total nitrogen/phosphorus ratio is high; possibly these fabrics 
have been processed by one of the later modifications, such as that involving 
substitution of part of the urea by a stronger organic base like guanidine. 

The effect on flameproofing properties is recorded in Section 7. 

7. Effect of Alkaline Solutions on Flameprooffng 

It was observed that flameproof material when subjected to a caustic boil 
lost its flameproofness, and burned quite freely, although the phosphorus 
content was little affected When such material was treated with i per cent, 
hydrochloric acid, so as to be definitely acid in reaction, and then washed 
with distilled water and dried, it again acquired flameproof properties, 
refusing to propagate flame at all. This acid-trealed material on further 
treatment with 5 per cent, aqueous ammonia and drying retained flame¬ 
proofness, but the ammonia-treated material on soaking in hot i per cent, 
lead acetate solution, washing and drying became again free burning. It was 
also found that the original flameproof material, direct from cure and washing 
off, lost its flameproof qualities on being boiled with i per cent, aqueous 
feme chlonde solution, when it absorbed iron strongly and became khaki in 
colour. 

The samples of fabric processed by the Patentees confirmed these results; 
the patterns treated as described m Section 6 above with soap and soda deter¬ 
gents and with caustic soda liquor, lost practically no phosphorus, but did 
defimtely lose flameproofing properties; the samples after ten soap-soda scours 
at 70° C., or four scours at 94® C., showed rates of flame propagation of 

6- 16 seconds per inch, whilst the material boiled with caustic showed flame 
propagation of 4-12 seconds per inch On acidification with hydrochlonc 
acid, washing and drying, these materials became again flameproof. 

8. Dye Absorption and Reaction with Guprammonium Reagent 

Methylene blue absorption of flameproof material was determined using 

I g of shredded fabric and M/250 methylene blue solution buffered to pH 

7- 0 and to pH 2 7. Absorption of colour from the first 20 ml. of solution was 
practically instantaneous and after 18 hours the following values were 
obtained (expressed as millimols of methylene blue per 100 g. dry fibre): 

pH 2 -y pH^*o 

Laboratory-prepared material using ''neutral liquor'' .32 ..30 

Pattern treated by Patentees . , . , . . 52 . . 53 

Cotton fabric rendered flameproof with urea-phosphoric acid impregnant 
in the laboratory did not absorb acid dyes from an acid dye bath Absorp¬ 
tion of the direct colour Chlorazol Sky Blue FF was much less than in the 
case of untreated cotton controls, and stammg by dispersed acetate colours 
was only slight Shirlastain A gave only an off-white colour resembling that 
given by Cotopa 

When extracted cotton fibres were chopped into short lengths and treated 
wiili cuprammomum reagent on a microscope slide, the cuticle was observed 
to absorb the copper strongly and become deep blue, but it did not tend to 
tlissolvo, whilst the inner part of the fibre swelled, giving the well-known 
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** dumb-bell effect, and swelling continued until the inner part dispersed 
in the cuprammonium reagent. 

9 , Reactions of Urea-Phosphoric Acid Mixtures 

'(i) Mixtures of urea and 75 per cent, phosphoric acid were found to show 
no reaction at room temperature. When 2*7 g. of urea were mixed with i g 
of 75 per cent, phosphoric acid at room temperature the mixture had an 
initial pH value of about i»9 in 5 per cent, aqueous solution, and this figure 
remained unaltered over a period of 4 hours On heating for 4 hours at 
40° C. or 70® C. there was no rise in pH value above 2-0; but on increasing 
the temperature to 85-90® C. for 4 hours the pH rose to 2-7. Only on heating 
for about 4 hours at 100® C. did the of a 5 per cent, solution rise to about 
6, and the same result was achieved by heating rapidly up to 175® C. and 
then allowing to cool. 

(h) 2 g. of urea and i g. 75 per cent, orthophosphoric acid were heated 
together at 175® C. for a lengthy penod, and the weight was noted at 
intervals. The results, which are shown in the figure, indicate that 8-10 
hours heating is necessary for the reaction products to approach constant 
weight, 

(iii) 5 g. of 80 per cent, orthophosphoric acid were heated at 175® C. for 
8 hours with amounts of urea varying between 24 g. and i g. The loss in 
weight was noted, the phosphorus and the total nitrogen content of the 
residues were determined, and the yield of ammonia was estimated by treatmg 
with 5 per cent, sodium carbonate solution and subsequent distillation. The 
results are given in Table VI. All the reaction products except the last two 
were transparent glassy solids. Excluding the two extreme trials, the reaction 
products all gave almost the same yield of ammonia on distillation with 
sodium carbonate and the molecular ratio of ammonia to phosphorus was 
found to be approximately i to i. The nitrogen not removable as ammonia 
fell as the weight of urea used decreased, and reached zero when 2 g of urea 
were used with 5 g. of 80 per cent phosphoric acid. This suggested that the 
reaction product from heating urea-phosphonc acid in the normal propor¬ 
tions of 2 to I was a mixture of at least two components, and attempts were 
accordingly made to separate them. Fractional crystallisation from water 
succeeded m isolating only a fraction of very low solubility containing 32*1 
per cent, nitrogen (Kjeldahl) and only a trace of phosphorus; further concen¬ 
tration and crystallisation was obviously causing hydrolysis and so was 
abandoned 

Separation was effected by adding a small amount of water to the urea- 
phosphonc acid reaction product (Trial No. 5, Table VI) and filtering off the 
fraction of low solubility in water, which was washed with water and dried 
(fraction A). To the aqueous liquor an equal volume of alcohol was added, 
and a white solid precipitated, which was filtered off, washed by suspension 
in hot alcohol several times, and dned at room temperature (fraction B). 

The properties of these two substances were found to be as follows* 

Fraction A, This is only slightly soluble m water but more soluble in 
alcohol; it is stable to heating to over 250° C , and soluble unchanged in 
concentrated sulphuric acid Analysis: N (K]eldahl), 32*0 per cent; P, 
trace. The general properties agree with those for cyanuric acid (CNOHja 
(theoretical N=32*5 per cent.) 

0 I g. dissolved in 3 ml. water plus 6 drops of ammonia gave^ on the 
"addition of copper sulphate solution, a precipitate consisting of nucroscopic 
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amethyst crystals, stated by Mulliken ('* Identification of Pure Orgamc Com¬ 
pounds,'' Vol. 11 , p. 84) to be characteristic of cyanunc acid. 

It is concluded that fraction A is cyanuric acid. 

Fraction B. This took the form of a white granular powder, readily soluble 
in water, but insoluble in alcohol. Analysis: Total N (Kjeldahl), 14*9 per 
cent.; P, 30-9 per cent. A 5 per cent, aqueous solution has a 6 7. 

Ammonia is liberated on treatment with cold sodium hydroxide solution 
or on warming with magnesium oxide and water, the ammonia yield on 
distillation from 5 per cent, sodium carbonate solution is 12-8 per cent, cal¬ 
culated as Ng) the aqueous solution gives a white precipitate with silver nitrate 
solution, and a white precipitate with cadmium chloride in acetic acid The 
material is therefore almost certainly an ammonium salt, and reacts as a 
pyrophosphate, not as an orthophosphate, Di-ammonium pyrophosphate, 
(NHJsHaPaOr, coutams theoretically 13-2 per cent, nitrogen, and 29-3 per 
cent, phosphorus. 

The yield of ammonia from fraction B does not account for the whole of 
the nitrogen content found, there is a residual 2*i per cent, nitrogen. It is 
concluded that the fraction B is di-ammonium pyrophosphate with nitro¬ 
genous impunty, probably unchanged urea or biuret. 

Fractions A and B together constituted over 95 per cent, of the reaction 
product so that other substances could be present only in insignificant 
amounts. In particular, there was no evidence of formation of amido- 
phosphoric acids, or of complex polymers. 

The summarised equation: 

CO(NH,)a "H 2 HnP 0 t=(NH 0 ,H,P,O, + CO, 
requires i • 23 g. of urea for 5 g. of 80 per cent, phosphoric acid so that in the 
above preparations (Section 9 (iii)) there was considerable excess of urea. 
The results in Table VI showed, as noted above, that the nitrogen not 
recoverable as ammonia fell to zero when 2 g. of urea were used with 5 g of 
80 per cent, phosphoric acid. On adding an equal volume of alcohol to such 
a mixture a viscous liquid settled out, which, after separation and treatment 
with a further quantity of alcohol, formed a granular solid containing 12-o 
per cent, nitrogen and 29 7 per cent, phosphorus, and which yielded 14*4 per 
cent, ammonia (calculated as NH,,) on distillation from 5 per cent sodium 
carbonate solution 

This appeared to be di-ammonium pyrophosphate virtually free from 
nitrogenous impunty 

10. Examination of Water Washings from Cured Fabric 

Fabric was impregnated with a liquor containing 100 g. of urea and 50 g. 
of 73 per cent, phosphoric acid heated momentarily to 180® C. and then 
cooled and diluted with 92 ml. of water. The cure was for 15 minutes at 
170® C. 

The cured fabric was washed in water at 70° C. for 15 minutes, and the 
wash water retained. Further similar washes with water were given, and 
part of the fabric was also washed in 0-5 per cent sodium hydroxide 
solution for 15 minutes at 70® C. 

The first wash water was concentrated in vacuo and three solid fractions 
were obtained therefrom: 

(a) Material slightly soluble in water, containing 37»9 per cent, nitrogen and 
1-3 per cent, phosphorus, and giving the cyanunc acid reactions. 
Apparently it was impure cyanuric acid. 
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(b) Material soluble in water precipitated by alcohol as a paste, containing 
28 per cent, phosphorus and 13^5 per cent, nitrogen, and giving the 
reactions of an ammonium salt and a pyrophosphate; this apparently 
was di-ammonium pyrophosphate. 

(c) A substance extremely soluble in water, not preapitated by alcohol, 
containing 40*5 per cent nitrogen, and 3-0 per cent, phosphorus and 
giving the reaction^ of both urea and biuret; apparently it was a mix¬ 
ture of these two substances contaminated with phosphoric acid. 

The second wash water yielded only a small amount of material pre¬ 
cipitated by alcohol, containing 27*1 per cent, phosphorus and ii-g per cent, 
nitrogen There was insufficient for more precise identification, but this 
inatenal was probably impure ammonium pyrophosphate 

The third and fourth washes yielded nothing in significant amount. 
During the washing with sodium hydroxide the odour of ammonia was 
detected. No other identifiable constituent was found. 

The soluble matter removed by water after cunng the fabric thus appears 
to be the same as is formed on heating urea and phosphoric acid m bulk in 
the absence of cellulose, i.e, ammonium pyrophosphate, cyanunc acid, urea 
and biuret. 

11, Attempts to Flameproof Fabrics using Phosphates 

Since it appeared probable from the expenments recorded under 9 and 10 
that di-ammonium pyrophosphate was the active fireproofing agent, the effect 
on fabnes of this and other phosphates was tried. 

Except where otheiwisc stated, fabrics were padded so that they retained 
about 5 per cent phosphorus; they wci'c then dried and cured at 165® C. for 
10 mmutes. They were washed in water at 70® C for 15 minutes, dried and 
tested for flameproofness. Wheie any degree of flameproofness was found, 
phosphorus and total nitrogen contents were determmed. 

The three ammonium orthophosphates and sodium pyrophosphate all 
failed to give flameproofness. 

For the trials with ammonium pyrophosphate, solutions were made in the 
laboratory by two methods * 

[a) Sodium pyrophosphate in concentrated solution was treated with lead 
acetate, the precipitated lead salt washed and suspended in water and 
sulphuretted hydrogen passed in to form lead sulphide, which was 
filtered off. To the filtrate of pyrophosphonc acid, ammonia was added 
in amount to correspond to either (NH4)2H2P20r or (NHi)4Pft07, as 
required. 

(h) 80 per cent, phosphoric acid was heated to 225® C. until the loss in 
weight corresponded to the formation of pyrophosphonc acid, which 
was then diluted and treated with the theoretical quantity of ammonia 
solution to give the di- or tetra-ammomum salt, as required 
Solutions made by both methods gave similar results in practice. 

The following were the results obtained with pyrophosphates ‘ 

(1) Initial trials with ammomum pyrophosphates showed partial flame¬ 
proofing and about i per cent, retained phosphorus Increasmg the amount 
of pyrophosphate applied did not increase the amount of phosphorus retained 
after washing to any appreciable extent, and even when the amount of 
applied solids was over 70 per cent, of the weight of the fabric the phosphorus 
retained after washing was only 2 • 2 per cent and the nitrogen 0 92 
Varying the pH value of the pyrophosphate liquor between 4-5 and 10 
showed that phosphorus fixation increased with decrease in pH value, but 
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scorching and tendenng also increased. Varying the conditions of cure, 
using a pyrophosphate liquor at pH 6, showed no significant rise in phos¬ 
phorus fixation above i per cent. 

(ii) Ammonium pyrophosphate liquors containing 4 per cent boric acid 
or 5 per cent, pyridine as possible catalysts, were no more effective than 
simple pyrophosphate liquors, and the phosphorus fixed did not exceed i per 
cent. 

(hi) A pyrophosphoric acid liquor was adjusted to pH 8 with tri¬ 
ethanolamine instead of ammonia. After padding, curing and washing there 
was no apparent flameproofing, and the phosphorus content of the cloth was 
only 0-15 per cent. 

(iv) Cotton cloth was pretreated with 98 per cent, formic acid, and after 
a roUer-nip was padded with ammonium pyrophosphate solution at pH 6. 
After cunng and washing in water there was only partial flameproofing, the 
phosphorus content being 0 55 per cent. 

(v) An ammonium pyrophosphate liquor prepared by method (6) above 
was adjusted to pH 6, and urea amounting to 15 per cent of the weight of the 
fabric was added. After padding, curing and washing, the dried fabric was 
almost completely flameproof, and contained 2*4 per cent phosphorus and 
i*i per cent, nitrogen. When this tnal was repeated adding cyanuric acid 
instead of urea, there was only partial flameproofing and the fabric contained 
0*52 per cent, phosphorus and 0-47 pci cent, nitrogen, 

(vi) An ammonium pyrophosphate was prepared by heating 2 g. of urea 
and 5 g. of phosphoric acid to 170° C. to a clear glassy solid, dissolving the 
latter in water and precipitating the solution with alcohol A solution of this 
was padded on to a cloth and cured; after washing there was only partial 
flameproofing, and the amount of phosphoius fixed was i*i per cent 

(vii) An ammonium pyrophosphate identical with fraction B described 
in Section 9, that is containing nitrogenous impurity, was padded on to 
cotton cloth, which was then cured, washed, and dned. The treated 
cloth was almost completely flameproof, and contained 2*6 per cent, of fixed 
phosphorus. 

12. Measurement of Increase in Weight in relation to Phosphorus Content of 
Fabrics treated with Urea-Phosphoric Acid 

Cotton fabnc was impregnated with a solution of urea-phosphoric acid, 
prepared by heating 200 g. of urea and 100 g. of 75 per cent, phosphoric 
acid to 180° C. cooling and diluting with 170 ml. of water, and 14 ml of 
28 per cent, ammonia solution. The impregnated fabric was dned and por¬ 
tions were cured at various temperatures for 15 minutes in order to obtain 
a range of phosphorus contents. All of the portions were given five successive 
washes in tap water at 6o°-65° C. for 10 minutes each wash (except in the 
case of (e) where the fabric was washed in distilled water). A liquor/cloth 
ratio of approximately 100 • i was used in the wash treatments. 

{a) Four portions of fabnc, Nos i, 2, 3 and 4, representing each tem¬ 
perature of cure, were dried at 105® C for 2 hours, increase in weight, 
phosphorus content, and yield of ammonia by distilling the fabric from 
magnesium oxide, were determined. (Distillation from magnesium 
oxide, was here substituted for distillation with sodium carbonate as 
being a somewhat more specific estimation of the ammonium radicle ) 
The results are given in Table VII The mean yields of ammonia and 
phosphorus content coirespond to a ratio of i gram-atom of phosphorus, 
to 0 85 gram-mols. NHa. 
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In three cases out of the four the observed increase m weight is 
nearer the weight calculated from the phosphorus content for ortho¬ 
phosphate formation than that similarly calculated for p3n:ophosphate 
formation. The mean increase in weight is very near to that calculated 
for ortliophosphate formation. 

(b) Two portions of washed fabric, Nos. 5 and 6, were immersed in 1-75 
per cent, hydrochloric acid solution for r hour at room temperature 
and washed thoroughly with water at 60C. until free from acid. After 
drying at 105° C. for 2 hours, increase in weight and phosphorus con¬ 
tent were determined. The results are shown in Table VIII. The 
mean increase m weight is very close to that calculated for orthophos- 

. phate formation. 

(c) Portions No. 7-N0. 10 of fabric, acid-treated as in (b) were immersed 
in 5 per cent, lead acetate solution for 30 minutes at 70° C. then washed 
with water until the washings were free from lead. Lead, phosphorus 
and inciease in weight weic detcimmed on the samples after dr3nng to 
constant weight. The results arc shown in Table IX. The proportion 
of phosphorus to lead in gram-atoms corresponds to a ratio of i to 1-05. 

{d} Further portions of fabric (Nos ii and 12) were immersed without 
acid-treatment in lead acetate solution at 70° C. for 30 minutes, then 
washed as in (c). Lead, phosphorus, and increase in weight were deter¬ 
mined. The results obtained are shown in Table X. The proportion 
of phosphoius to lead in gram-atoms corresponds to a ratio of i to 1-07. 

(e) Further poitions of fabric (Nos. 13-15) were cured, and washed in dis¬ 
tilled water at 65^ C.; twelve successive washes were given, then the 
fabric was dried to constant weight Portions of the dried fabnc were 
immersed in N/2 sodium hydroxide solution at 40° C. for 15 minutes, 
washed in distilled water until the washing water was free from alkali, 
then dried at 105® C. Phosphorus, sodium and yield of ammonia were 
determined. The results arc shown in Table XI. The ratio of phos¬ 
phorus to ammonia corresponds to i gram-atom of phosphorus to 0-94 
gram-mol NH„ or vciy nearly i to i. Comparing this ratio with the 
ratio of I to 0 85 found in (13) {a) above, it seems that tap water 
removes more ammonia than does distilled water, no doubt due to 
cation exchange. The ratio of phosphorus to sodium in gram-atoms is 
I to 1-85, approximately i to 2 

Note. —In the expenments involving fixation of lead and sodium, 
control samples of unproofed fabric were included to ensure that 
the washing treatments were effective in removing all unfixed 
lead or sodium. 

13. Method of Assessing Flameproofing Efficiency 

After trying various tests which have been proposed for flameproofed 
fabrics, the test ultimately adopted was to cut a 6-in x i-in strip of fabnc, 
hang it vertically in a draught-free enclosure and ignite the lower edge with 
a Bunsen flame. Fabnes adequately treated with urea-phosphonc acid, t e. 
those containing 3 per cent or more phosphorus, charred whilst the Bunsen 
flame was applied, but ceased to burn or char immediately the Bunsen was 
withdrawn. These are described as "completely flameproof". Matenals 
containing smaller amounts of phosphorus were found to bum slowly after 
withdrawal of the Bunsen, but to leave a black ash skeleton retaining fabnc 
structure; these are described as "partially flameproof", and, if necessary, 
the rate at which they propagate flame after withdrawal of the Bunsen can 
be estimated in seconds per inch. Untreated cotton fabrics flame immedi- 
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ately; the flaming continues on withdrawal of the Bunsen, and the entire strip 
is consumed in a few seconds, leaving only a small fragile white ash which 
smoulders and usually breaks up. 

For the purpose of the present work, this test was found preferable to 
others in which pieces of fabrics are clamped at 45° and subjected to standard 
flame tests. 


IV. CONCLUSIONS 

The treatment of cotton fabrics with mixtures of urea and phosphoric 
acid followed by a curingat a temperature of I30°-I75° C. gives a flame¬ 
proof finish which is resistant to hot water washing and even to mild soap 
scouring The efficiency of the flameproofing has been shown to depend on 
the phosphorus content of the treated material, and for complete flame¬ 
proofing a mimmum of 3 per cent, of phosphorus is necessary This phos¬ 
phorus IS strongly bound by the cellulose and is not removed even by boiling 
I per cent, caustic soda. It is associated with nitrogen present as the 
ammonium radicle and easily removed as ammonia by alkali. 

Cotton fabrics flameproofed by urea-phosphonc acid lose some of their 
flameproof properties on repeated washing with alkaline detergents, but the 
loss of flameproof property is not due to removal of phosphorus, and the 
original degree of flameproofing can be restored by an acid treatment. 

The evidence points to surface esterification of the cotton cellulose as the 
reason for the flameproofing effect and indicates that the ester present in the 
washed fabric is the ammonium salt of cellulose orthophosphoric acid, 
although the products of heating urea and phosphoiic acid to curing tem¬ 
perature have been shown to bo essentially di-ammomum pyrophosphate and 
cyanuric acid. The former is no doubt the active estcrifymg agent. 

In the presence of the cellulose the urea docs more than just supply 
ammoma to form the ammonium salt of the acid and so reduce tendering; 
the excess urea is necessary as a medium to sccuie an effect which does not 
seem to be attained in any other way, ^.e the fixation of about 3 per cent, 
of phosphorus without great loss of tensile strength. 

The work described in this report was commenced in 1945, and has been 
earned out m the laboratones of the Chief Chemical Inspector, Ministry of 
Supply, It has previously been the subject of an official Departmental 
report. The authors wish to thank the Chief Scientist, Ministry of Supply, 
for permission to publish this present paper, 
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Table I 

Trials involving simple urea-phosphoric acid impregnants. 

Effect of variations in impregnant and cure on fixation and Ions in strength 

(Section IJ t a) 


Urea- 

Type 

Time 

'rempei.i- 

riiosiihoiiis 

'1 otiii 

Lo.** tn 

I'l.tllU*- 

acid 

of 

of 

lure 

(onttMil 

Ni1u>8< 

Stu'iMlUi 

Ratio 

Liquor 

Cuie 
(mins) 

of Cmu 

/(» 

C'ont<‘nt 

«»/ 

/O 

% “t 

cni|'ni.il 


27 1 

Neutral 

15 

150 

3 8 

1*7 

20 



30 

147 

3 0 

2*0 

28 

Complete 



60 

145 

4 3 

2*2 

:m 


LI 


6 

146 

4 1 

T 7 

21 




15 

150 

4 0 

1 8 

31 

II 

271 

** 

30 

160 

4 7 

2 0 

34 

II 

Acid 

5 

140 

4*7 

1 () 

27 

1* 

II 


15 

150 

5 1 

0*0 

27 

1 r 

11 


30 

148 

5*1 

2*3 

30 

II 

LI 


5 

140 

4 5 

1*6 

40 

1* 



15 

152 

4*8 

i*H 

40 

M 

If 


30 

150 

5*5 

1*0 

40 

If 








T852 5-— Urea-phospJionc Acid Method of Flame- 

Table II 


Trials involving liquor with treated lormaldehyde. 
Effect of variations in cure on fixation and loss in strength 

(Section III 3) 


Time oi 
Cuie (min) 

Temp oi 
Cure °C. 

Phosphorus 
Content % 

NiUogen 
Content % 

Loss m 
Strength 
% of original 

Plame 

pioofing 

120 

130 

3 95 

4 41 

17 

Complete 

60 

130 

3 47 

.3*36 

19 


30 

130 

2 55 

1*87 

16 


60 

137 

3 92 ' 

4*16 

18 


30 

1.37 

2*58 

2 01 

17 


30 

145 

3 40 

3*04 

19 


15 

160 

3 96 

3*11 

23 

>) 

10 

175 

4 30 

2 98 

29 



Table III 

Trials involving inapregnant treated with formaldehyde. 
Effect of scouring on nitrogen and phosphorus contents : Series 1 

(Section in.4) 


Time of 
Cure 
(mms ) 

Temp 
of Cure 
°C. 

Washing Tieatment 

Phosphoius 
Content % 

Total 
Nitrogen 
Content % 

Loss in 
Stiength 
%Of 
original 

20 

145 

Water at 66° C. for 16 mms 

3*4 

3*15 

17 

20 

146 

Soap/NaaCOaf^S 80° C for 30 mins. 

3*2 

0 82 

82 

8 

175 

Water @ 66“ C, for 15 mins 

42 

2 50 

27 

8 

176 

Soap/NaaCOj @ 80° C. for 30 mms 

4*1 

0*61 

12 


Table IV 

Trials involving impregnant modified with formaldehyde. 
Effect of scouring on nitrogen and phosphorus contents : Series II 

(Section ITT (5) 


Treatment 

Phosphorus 
Content % 

Ammonia 
Content % 

Total Nitrogen 
Content % 

Cured only 

5 60 

40 

11 1 

One water wash at 70° C for 15 mms 

Scour in 0 6% Soap and 0 2% Soda at 70° C 

5 26 

28 

3 27 

for 30 mms 

4 24 

0 7 

09 

Six successive water washes at 70° C. 

3 98 

1 9 

18 

Boiled in 1% NaOH for 30 mins 

3 19 

ml 

01 

Boiled m 1% Ba(OH)g for 30 mms. 

3*60 

ml 

0*1 


Table V 

Effect of scouring on patterns processed by Patentees 


(Section III 6) 


Treatment 

Phosphorus % 

Total Nitiogen % 

1 

2 

Cloth No 
3 4 

6 

6 

1 

2 

Cloth No 

3 4 6 

6 

As received 

3 3 

33 

32 

30 

33 

3 6 

63 

66 

79 

6 7 7-0 

5*5 

Boiling water 30 mms 

31 

3*2 

29 

27 

32 

33 ' 

51 

52 

4*7 

41 S2 

4*9 

Soap scour 30 mms at70°C 

3 1 

32 

3*0 

28 

3*1 

32 

3*2 

36 

3*4 

25 36 

3*2 

4 Scours as above 

3 1 


_ 

2*6 


3*2 

10 


— 

09 — 

1*2 

10 „ 

3 1 

— 

— 

2*7 

_ 

3*1 

0 65 

— 

— 

06 — 

0*6 

Soap scour 30 mms at 94° C 

3 1 

— 

— 

2*7 

_ 

32 

24 

— 

— 

24 — 

3*3 

4 Scours at 94° C 

29 

_ 

_ 

26 


3*0 

0*75 

_ 

—. 

0*76 — 

0*8 

Boiling0 6% NaOH, 30mms.... 

33 

— 

— 

2-0’ 

— 

3-4 

0*4 

— 

— 

0*3 — 

0*4 
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Table VI 

Effect of heating various amounts of urea with 5 g. i>hoap!ioric acid at 175 i 

for 8 hours 


(Section IILO) 


Test 

No 

Giams 
Urea to 
5g 80% 
HjPO, 

Final 

Weight 

(g) 

Loss in 
Weight 
(g) 

Total 

N, 

(gO 

Yield of 
Ammonia 
(g) 

1 

24 

13 15 

15‘8 

4*50 

1*04 

2 

18 

9 5 

135 

3*17 

0*78 

3 

16 

92 

11-8 

2.52 

0*79 

4 

12 

7*5 

9 5 

2 43 

1) 72 

5 

10 

6 35 

8 65 

1*58 

0*70 

6 

6 

5 25 

5 9 

1*04 

0 72 

7 

4 

4 45 

4*55 

0*74 

0*89 

8 

2 

4 20 

28 

0*57 

0 <19 

9 

1 

4 40 

1 6 

0 47 

0*56 


Nilium*n 

not 

\ u’ldini^ 

Nl^U) 
:t i\i 

:a 
l 87 
IMU 
I‘no 
0‘4.» 

O 17 

n*007 


inl.it 

piuispJn*MSJi 
iK J 


I 

I 40 

vm 

I‘04 
i‘tn 
i*to 
1 1^2 
lAH 


Table VII 

Increase in weight of fabrics impregnated with urea-phosphoric acid luixttirc 

and cured 


(Section III Ii2a), (Ml figmos aio in ounces p<‘i \.u«l oi < 


Weight of oiiginal falnic 
Weight of cured and washed hi In u 
Increase 

Phosphorus expi ossed tis 1 ’.j 
Ammonia expressed as N11^ 

Phosphoius expicsscd .is I ‘C).|NIl4 
Ammonia expicssed as J ’OjNlT, 
Phosphorus expicsscd as raOr,(Nlf,)j 
nunus 2H . . " 

Ammonia expiessed as p20r,(IsrH4)2 
minus 2H . 


l^'ahnr 
N<i. I 

() 5 
7 la 
0‘C>;4 
0‘208 
()‘(mt 
0 <>,15 
i) n;*:» 

0 577 

0 4 S 0 


J'^abi i( 
No 2 

U 5 

/ I 1 

0'Ci2 

0’205 

0‘io;t 

o*(;i2 

0 . 7 Sd 

0 582 

0 r>;i2 


ImIu m 
No :] 

0 .1 

7Mi‘* 

I‘l2 

d-.'in 

0 JTiO 

1‘070 

0 hOd 

(I 070 

0 822 


I .r!*i it 
\.^ i 

U *1 

I iiil 

t nH 
ti :r;o 
(I ltd 
l 180 
0 !t:{o 

1 tt.tO 

0 Mis 


a 

\ jh . 

8 .f 

V Xt 
ti s ♦ 

O ‘Hd 
tt IdM 
d s,; 
ti 741 

t) Mto 

<1 VtW 


Note—P hosphoius and nitingcn would be added as 1*0,N114 tf a ttllid*».« ntllui- 
phosphate estei weie foimed, in as ly inimis 211 if a ji\ii»|din,pb,f!o 

ester wcic foimcd. 


Table VHT 

Increase in weight of fabric impregnated with urea-phosphoric aciiJ cured 

and acid - treated 

(Section III I2h) (All figiuos .ue in ounces pin sq >aid of falun ) 


Weight of original fabiic 

Weight after curing, washing and acid tieatnieiit 

Increase 

Phosphorus exjuessed as P3 
•^osphorus expressed as POall 
gioaphorus exprebsod as PaOr, 


Isibijc 
No f) 

i) r» 

8 71 

0*21 

0‘107 

0*278 

0'2‘ir) 


i‘\ibin> 
No 8 

8 5 

7‘2S 

ti*7H 

<1*270 

(i*7tM> 

8dM8 


Mimu 

Value 

80 
8 005 
0‘tOo 

8 dOH 
0 412 
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Table IX 

Increase in weight of fabric impregnated with urea-phosphoric acid, cured 
acid treated, and lead treated ^ 

(Section III. 12c) (Ml figures aie in ounces per sq yard of fabric) 



Fabiic 
No. 7 

Fabric 
No 8 

Fabric 
No 9 

Fabric 
No 10 

Mean 

Value 

Weight of original fabric . 

6 5 

65 

65 

6*5 

66 

Weight of lead-treated fabric 

7 46 

8 13 

8 60 

9-47 

8 39 

Increase . . . . . 

0 96 

163 

2 00 

2 97 

189 

Phosphorus expiessed as 

0 093 

0*196 

0*196 



Lead expressed as Pb 

0 669 

1 362 

1*388 


1376 

Phosphorus expressed as POgPb minus H 

0 850 

1*802 

1 802 



Lead expressed as POgPb minus H ..! 

0*921 

1 875 

1 912 

2*886 

1 899 


As the molecular ratio of phosphorus to lead is approximately 11 the lead cannot be 
present in a pyrophosphate grouping For that reason phosphoius and lead expressed as 
PgOjPb minus 2H are not shown. 


Table X 

Increase in weight of fabric impregnated with urea-phosphoric acid, cured 

and lead treated 


(Section III (All figures are in ounces per sq* yard of fabric) 



Fabric 
No. 11 

Fabric 
No 12 

Mean 

Value 

Weight of 01 iginal fabric 

6 5 

66 

6*5 

Weight of lead-treated fabxics. . 

9*31 

10*43 

9 87 

Increase ... 

2 81 

3 93 

3*37 

Phosphorus expiessed as ... 

0 301 

0*409 

0*366 

Lead expiessed as Pb .. . 

i 875 

2 870 

2*373 

Phosphorus expressed as POgPb minus H 

2 770 

3 760 

3*266 

Lead expressed as POaPb minus PI 

2 580 

3 950 

3*266 


Table XI 

Analysis of fabrics impregnated with urea-phosphoric acid, cured, caustic 

soda treated. 

(Section III. I2e) 



Fabric 
No 13 

Fabric 
No 14 

Fabric 
No 15 

Mean 

Value 

Phosphorus expiessed as Pa % . . . 

3 64 

3 73 

2 93 

3*43 

Sodium expressed as Na % 

4*79 

4 94 

4*40 

4 71 

Ammonia displaced expiessed as NHo % 

1 93 

185 

— 

1 89 

Ratio NHg P . 

0 97 

0*90 


0 935 

Ratio Na. P . 

1 79 

1 77 

2 00 

186 


Ministry of Supply, 

Royal Ordnance Factory, 

Chorley. 

Tticeived, 26/5/49 
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By F. Happey and R L Wormell 

{Copynght by the lexUle InsUtute) 

SUMMARY 

A descnption is given of methods of dispersion of wool and its extrusion 
into continuous filament yam with a keratin structure The soluble protein 
curd IS made by extraction with sodium sulphide This product is pre¬ 
cipitated, redissolved and refined in cuprammonium solution and then 
reprecipitated A final solution of approximately 35 per cent, concentration 
IS made from the wet curd with either ammonia or cuprammonium and after 
filtration, the yam is spun into a salt bath and prehardened The yarn is 
then stretched and hardened in two stages, the final pioduct has a tenacity 
of about I gm. per demer and an extension of 30 per cent (approximately) 
when tested at 65 per cent R*H 70'^ F 

Load/extension curves of the filaments are plotted dunng vanous stages 
of manufacture and these show the improvement obtained m the yarn 
properties during processing X-ray photographs demonstrate also that with 
stretching there is an increase in the crystallinity of the /3 keratin which can 
be carried almost to the limit by the stretching in steam of the finished yarns 
In the X-ray photograph of steam stretched regenerated ^ keratin, there is 
no obvious spreading of the (hkl) spacmgs along the hyperbolae of the fibre 
diagram when as is the case in wool stretched 100 per cent in steam. 

It is suggested that in the work described, there is the basis of a process 
for the regeneration of a continuous filament /3 keratin yarn from the a 
keratin protein of wool This may not appear an attractive proposition 
from an economic point of view using best grade wools as starting material, 
but there is no reason why such a method should not be extended to the 
waste products of the wool trade and to other proteins with an a keratin 
structure such as horn, hooves, nails and whalebone, etc 

INTRODUCTION 

The general pattern of the methods of wet spinning necessary to produce 
continuous filaments from solution is now well established, and considerable 
pi ogress has been made in its application to the regeneration of the known 
fibrous protein molecules Reference has been made in a preliminary paper^ 
to the work carried out with varying degrees of success in the regeneration of 
casein,** groundnut proteins,'* chicken feather keratin* and silk ® The 
problem of the reconstitution of wool fibres has, in the past, been considered 
to be of a more difficult nature mainly on account of the proportionately large 
number of cystine cross-links which require to be broken down before com¬ 
plete solution can be achieved This dispersion process necessanly causes 
some dcgiadation of the protein lo take place dunng the isolation and solu¬ 
tion of the individual polypeptide chains, thus inhibiting to some extent the 
step of fibre formation during the extrusion of the filaments Several wool 
solvents** have been described, but the most practical agent for this purpose 
IS probably sodium sulphide^-” and one of us (R L W ) has described earlier 
a method of solution of wool keratin^ which has been applied successfully in 
the spinning of a mixed polymer from casein and the soluble wool curd 
This work has now been extended and a simple method of regeneration of 
wool fibres has been devised Certain features of this process are described 
in the following and a study of the physical and chemical properties of the 
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experimental products leads ns to bt‘lK‘ve that there is in the work cited the 
basis of a process for the regcneiation of continuous iilament yarn of the 
^ keratin type from wool 

EXPERIMENTAL 

Preparation of the Crude Solubilised Product from Wool 

[a) I kg of merino wool was digested in a small Ptieiderer m 2 kilos of a 
25 per cent solution ot sodium sulphide The viscous mass was mixed for 
24 houis at a tcmpciaturc of 25"" C The resulting dispersion was diluted 
with 600 c c of water and the whole was removed from the Pfleiderer and 
filtered through a monel metal gau^e This product was then diluted to a 
volume of 30 litics and the soluble wool product precipitated at pH 4 by the 
addition of hydrochloric acid, 'fhe piecipilate was washed until acid free 
and dried at 50° C 

(b) In this method the technique adopted for dispersion and precipitation 
of the wool was similar to that for method {a), but a rather weaker solution 
of sodium sulphide of 8 8 per cent was used Yields m both cases were of 
the order of 65 per cent 

METHOD OF ^YARN MANUFACTURE 
Extraction of a Fraction Soluble in Ammonia or Guprammomum Hydroxide 

100 g. of the crude soluble mateiial prepared by method {a) of the former 
section were soaked m 180 c c of distilled water for i hour 70 c c of 
CLipiammonium solution (containing 15 g (jf copper and 200 g of ammonia 
pel litre) were added Solution was achieved by rolling the mixture in a 
bottle foi about 20 houis at 18‘^'C Th'’ cnpiammonium solution was then 
diluted to 3 litres and claiihi'd by continuous passage tluough a Sharpies 
super centrifuge at 20,000 lev /imn Ihe piotein was piecipitated at room 
tempeiature by bringing thi‘ elanhed extract to pH 3 by the addition of 10 N 
sulphuric acul 'Ihe piecipitate was then washed with distilled water and a 
curd containing about 35 pei cent ot piotein was recovered by pressing 


The Production of a]^Spinning Dope 

Method A 

The wet curd was placed in a centrifuge bottle and 5 c c of the cupram- 
monium solution of the last section were added Dispersion of the protein 
took place readily After stirimg to ensure uniform distnbution of the 
cuprammomum solution through the curd, the dope was centrifuged to 
remove air and any foreign particles, and a dope of 35 per cent concentra¬ 
tion at pH 8 was obtained 
Method B 

A few c c of concentrated ammonia weie added to the wet curd and 
dissolution leadily took plact* 1 he (h>pe was mampulat(*d as described in 
Method A and a concenliation of ^5 per cent was obtained in alkaline* 
solution at pH 8 


Extrusion and Coagulation 

The dope was extruded as previously described by one of us (R L W ) 
in the case of a mixture of casein and wool keratin, and coagulated m a salt 
bath of the following composition 


150 g Na,S 0 , \ 
450 g MgS0t7H,0j 


in I litre of water 


The pH of the coagulating solution was adjusted to 8 by the addition 


a small quantity of sodium carbonate 


of 
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Prehardening, Stretching and Final Hardening 

The filaments were floated verhcally from the spinning ]et through the 
above dense salt solution, wound over a godet, and deposited on the surface 
of a prehardening bath of the same constitution as that used in coagulation, 
with the addition of 7 5 g of formaldehyde per litre After prehardemng at 
20° C. for half an hour, the yarn was stretched and hardened in two stages 
and finally msolubilised At the first stage the yarn was stretched rapidly 
about 100-150 per cent in a bath of the following constitution at 90° C. 


100 g. chloral hydrate) 

150 g NagSO,! !■ per litre. 

400 g MgSOiyHaO J 

The yarn was then collected on a reel and further hardened to set the 
extension in a bath containing 

7-9 g HCHO \ 1, 

380 1 Na,SO,f litre 

This first stage stretching process gave rise to a fibre which had a load/ 
extension curve as in Fig 9(a) 


The second stage stretching was carried out more slowly after the yam 
had been swollen in the above aqueous chloral and salt solution at 
50° C -60 C , and the regenerated keratin was finally hardened and insolu- 
bilised At this stage, an extension of approximately 100 per cent was 
applied to the fibres After drying and conditioning, the yarn gave a load / 
extension curve as in Fig 9(b), and an X-ray photograph illustrated in 

Fig. 5 


Testing of Yarns 

Load/extension curves of single regenerated wool fibres were plotted using 
a single filament extensometer with a constant rate of loading of 12 g per 
minute The results obtained are shown in Figs 9 and 10 

In Fig 9, curve A shows the results obtained for a typical regenerated 
filament taken after the first stretching and hardening process Curve B is 
the load/extension curve of a regenerated wool fibre after the final hardening 
and msolubilising In both cases the fibres were conditioned before testing 
at 65 per cent R H and 70® F The final curve C of this senes shows the 
load / extension curve of the latter fibre tested wet with water Fig 10 shows 
the hysteresis effects dunng continuous loading and relaxation in water with 
the above rate of application and removal of load, i e 12 g per minute 


X-ray Photographs 

The X-ray photographs were obtained in a manner similar to that 
desenbed previously,- and samples of the protein were investigated dunng 
various stages of tht‘ manufacture from the parent to the regenerated state 
Relevant photogiaphs of the material have been reproduced and included in 
the text Fig 4 is an X-ray photograph of the parent curd Fig 5 is an 
X-ray photograph of the finished yarn giving rise to a load / extension curve 
as in Fig Q(b) Fig 6 is an X-ray photograph of yarn stretched in steam 

General 

Fig I IS a photograph of a typical skein of regenerated wool fibres giving 
an X-iay photograph of the type shown in Fig 5, and having a load/ 
extension curve measured under standard conditions as in Fig 9(b) Fig 3 
IS a photomicrograph of the cross section of this yarn, and Fig 2 is that of a 
longitudinal view of these fibres taken with the same magnification of 30OX 
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RESULTS 

General Properties of the Finished Yarn 

The final yam illustrated in Fig i had the following properties 

{a) Denier 900/200 filaments (continuous) 

(b) Straw coloured and lustrous in appearance, had a lofty handle, was 
warm and had some slight scroop 

(c) Breaking load of single filaments i g /denier (approximately), and 
about 30 pci cent, extension at bicak Wet with water, the breaking 
load was 0 3 g /deniei with an c'xtension at break of 33 per cent 

(d) The filaments were mainly slightly llattened and remform in cross 
section, but a few isolated filaments showed a cross section with three 
distinct bulges 

Load/Extension Curves and X-ray Photographs 

{a) The X-ray photograph of the parent merino wool was a typical pattern 
of a keratin 

{b) The crude curd extracts from this above material showed X-iay powder 
diagrams of ^ keratin (Fig 4) 

(c) The spun yarn at the prehardemng stage, both in this condition and 
after a further hardening process excluding the sli etching stage of the 
preparation gave an X-ray photograph of a p protein with little or no 
obvious orientation ot the crystallites along the fibre axis In both 
types of crude curd extracted with either an 8 8 per cent or a 25 per 
cent sodium sulphide solution, simil.u keratin diagrams weie obtained 
by X-iays, but only small lelev.inl diMeieiices in the properties of the 
yarns made from the two paienl maUuuils weie found 

Table T 


Showing Tenacities and Extensions at Break of Rejtcncrated Wool Fibres 
after the First Stage of Stretching and Ilardeningt, made from Curds Extracted 
with 8*8 per cent and 25 per cent. Sodium Sulphide 


’ 

Description of 

Sample 

Filrinienl 

Fonacity Extension 

/deniei 

Moan of 15 measurements 


Conditioned 
at 55% R H Wot 
70^F 

Conditioned 
at 55% K H Wet 
70°F 

Keratin fibres spun from 25% 
sodium sulphide dispeision 

7 28 

(» 47 0 13 

9 6% 76% 

Keratin fibres spun from 8 8% 
sodium sulphide dispeision 

5 7 

0 55 0 17 

11%_76-X^ 


Typical ditfciences obtained are illustrated m 1'ablo T, but it will be 
shown that these are relatively smaller than might be expected considering 
the difterenccs m alkalinity of the two extracting solutions The load^ 
extension curve of Fig (){a) which is for yarn at this stage made from a 
curd extracted with the 8 8 per cent solution of sodium sulphide has a 
tenacity of about 0 60 g /denier and approximately 7 5 per cent extension 
at break after the first hardening stage 
(d) The effects of stretching, hardening and msolubilismg as desenbed 
earlier arc as follows' 

(i) The hlaments commence to show oncnlation of the protein chains 
parallel to the fibre, the structure is still retained as a ^ keratin configuration, 
and the backbone spacing of 4 64 A and the side chain spacing of 10 A 
(appioximatcly) arc clearly resolved along the equator of the X-ray diagram 
of the material 
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Photogiaph of i oz skein of Untwisted Pcgenciated Kciatin Yam oE 900 denier /200 
filaments made fiom wool The iindyed specimen was lustioiis, stiaw coloiued and 

lull in handle 



Pig 2 

Photomiciogiciph in longitudinal diiection of filaments of Regeiiciated Wool Fibres 

Magnilicalion x 300 . 
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I'lfA i 

Ph()lt)inict<i;^t,L|)ii (il cinss section ol K(*|^(MU'in((*«l Wool I'lhies slmwiiif^ the icMiiloim 
slicipe ol Uii* liUunenls pcipi’iidiciilfii to the Iihie axis .ilion ' ^oo 



1 

X-iay pholo;;?iciph ol Soluble Iv(‘icilin Cuul incule liom wool libics showing a typical 
cliboiiciitaiecl ji pallciu Cu Ixa lacliaUoii D—4 un 


— Jlc^P‘}icYcilC(l KcYCitw FihiT*i fyoin JVooJ — ffdfyfu'y ciiul Moitut'fl 


X-ra}^ pholdjjfi.ipli ( 
The lilamcMits sIkiw 


X-ray pliotof^iapli ( 
oniintalofl and wdl 



5 

I ktj[r(Mi(‘iatL‘d Wool 1 mI)ii*s niadi h\ a sin Ic li spinniiif^ 
a diKMil.ilLti fi k<i«ilin slMuluir (I'dm .i\is 

C 11 l\a Kidititinii ]) I (in 



Jm{^ 

if slitdc IK'd Kf^(‘m'ial(‘(l Wnol ImIiics shnwinfj; 

(Icvi'Iopfd MystalliiK* fl kiM.ilin stimlun (I'il>i<‘ axis 
( II Kri i.uhaLion I) | ( in 


pi (M css 
\\ I In al) 


a luMljly 
VIM 1II al) 



t 862 


:^i^~^Regenvyatecl Knaliti Filurt, ftom lVt)oF -ffal}p(y and Wonnell 



X-iay photosiripli ol oiionUUul Casc.Mii I^'ihn's sliowmj^ k'IIomohs fiom a mnmal 

p cUkI cioss p piolCMii sLiii<im(‘ ('ii K cc uulialioii I) cm 



Fif? S 

X-ray photograph ol Meuno Wool {5trc3tchcd in steam roo% of its ouginril length and 
showing the p keratin stiuctuie The lollcxions lioni planes in the /one [ooi] can be 
seen to spieacl along the hypcibolae ol the photogiaph The spieading ol these spots 
IS the main clissimilaiity between the X-i.iy photogi.iiih of those libics and that of 
l^egencMaUd lusatin sLicdehed in steam of Fig b C ii Ka ladiation D — ^ cm 
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A Load/extension curve of fibre after pie-hardenmg treatment, measured at 65% R H. 
7 o®F Filament denier 6*37 

B Load/extension curve of fibre after stretching and hardening, measured at 65% R H 
and 7 o°F Filament denier 3 36 

C Load/extension cuive of fibre as in B but measured wet with water. Filament 
denier 3 4 



Fig 10 

Load/extensioii Curves of Regenerated Wool Filament (denier 40) m water showing 
h5'-steresis eftects on repeated loading and relaxation Rate of loading 12 grams per 

minute 

The load/extension curve shows considerable changes—^the filaments 
increase m tenacity to about i g./demer with an extension at break of 30 
per cent, (approximately). Some improvement in the wet tenacity to 0*3 
g / demer after the second stage of stretchmg was found and the extension at 
break was only slightly greater than in the dry condition. Fig 10 is a series 
of load / extension curves carried out in water on a fully hardened and 
insolubiliscd fibre, and shows that under the conditions of experiment, a 
considerable amount of spontaneous elastic recovery is present in the fibre. 
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(2) The fibres described in the last section were extended approximately 
40 per cent, in wet steam and the X-ray photograph of the product is shown 
in Fig. 6. This photograph is one of a highly orientated and crystalline 
sample of ^ keratin. Measurements from the X-ray diagrams show that in 
this case the backbone spacing is 4*55 A, the side chain spacing is 10 A 
(approximately) and the ammo acid repeat along the fibre axis is 3*27 A. 
The similarity between this photograph and that of wool stretched in steam 
to 100 per cent, extension is quite clear, but m the latter case the spacings 
(hkl), when l^po, tend to spread along the hyperbolae of the fibre diagram,®*^® 
whereas the spacings m the regenerated wool diagram arc comparatively 
sharp in all cases. 

DISCUSSION 

The Mechanism of Solution of Keratin 

It is generally recognised that the dispersion of wool keiatm in sodium 
sulphide is rendered possible by the breakdown of the cystine cross linkages 
between the polypeptide chains. Further, it has also been considered that 
durmg this rupture of side chains by the alkaline agency, some degradation 
of the molecular chain length is bound to occur This degradation of the 
chain length should take place at a greater rate in the case of the highly 
concentrated sodium sulphide solutions, and some reduction in the acid 
precipitable fraction of solutions at higher concentrations has already been 
reported by Breese Jones and Mecham ** This effect is confirmed to some 
extent when the physical properties of legcncrated keiatin fibres are 
examined; in Table I it can be seen that fibres made from a 25 per cent, 
sodium sulphide extracted curd aie inferior m strength to those made under 
similar conditions from 8*8 per cent, solutions, i^'urthcr, the latter material 
was found easier to work in the processes of fabrication from curd to final 
fibres than was the former specimen extracted at a higher pIL Having made 
this point of some small differences in the two materials, we feel, however, 
that this variation in yarn properties is not so great as might have been 
expected considering the differences m alkalinity of the two extracting solu¬ 
tions Although the hydrolysis of peptide links must be clearly recognised 
as a concomitant effect of treatment with alkali sulphide, our experiments 
suggest that this may not be so great as had previously been suspected. One 
factor which may reduce the rate of hydrolysis of the peptide linkages by 
the sulphide may be the presence of the dispersed protein itself. This may 
behave in accord with the ''Zwitterion^' theory and thus protect to some 
extent the protein molecules m solution from alkaline degradation. 

From an X-ray photogiaph of this protein curd, it can be seen that the 
specificity of the a fold has been completely destroyed on solution of the wool 
after breaking the cystine cross links On recrystallisation by precipitation, 
the keratin photograph (Fig. 4) is given by the new product and it is clear 
that a degeneration* of the a protein configuration of the molecule has 
occurred This allows crystallisation to take place m the usual fully extended 
^ state of the molecule. Work carried out by Mercer^^ has shown that fibres 
drawn from his soluble wool proteins gave an q keratin configuration, and a 
detailed comparison of his work with that of ours on the stnicture of 

* Tiie word ** degenerate ’* is used to denote a protein molecule in solution which is 
free from inter or intra molecular attachment of a permanent kind and which can thereby 
on spinning form, along with similar molecules, a fully extended P protein structure 
It is suggested that a ** denatured system ” does not always show such properties, and is 
more applicable m the case of a molecule which has been deprived of its specific biological 
properties due to external interference of any kind. 
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xegenerated wool and casein filaments has led ns to the conclusion that the 
protein component giving nse to the a keratin picture may not have com¬ 
pletely degenerated into single chains in solution {See Note added in 
proof )* 

Solution of the Protein Curd in Guprammonium Solution 

The nature of the cuprammonium solution of the crude curd for acid, 
precipitation was found to vary considerably with the method of preparation 
of the latter material. For example, the product from 25 per cent, sodium 
sulphide solution required about 70 per cent, of it^ weight of standard 
cuprammonium solution for optimum solubility of the final spinning solution 
With higher proportions of cuprammonium solution, increased copper adsorp¬ 
tion occurred on the protein molecules and the final soluble product became 
increasingly difficult to spin. Witli the curd prepared from 8*8 per cent 
sodium sulphide solution, an optimum product was obtained using 160 per 
cent, of standard cuprammonium Here, however, the yield was less than 
that obtained with the stronger alkali, but further work is in progress to 
estimate the best conditions for the extraction process by balancing the yield 
against the quality of the soluble product. 

The curd refined as above by acid precipitation can then be finally dis¬ 
solved in either cuprammonium or ammonia The latter has been found to 
give the better results as it produces a fibre which has a paler straw colour 
than that from the cuprammonium solution. 

The Influence of Stretching on the Crystallinity of the Regenerated Wool Fibre 

On extrusion of the soluble wool molecules, it is clear that a coherent 
fibre is produced, but that under the conditions of experiment, these fibres 
have little or no orientation at this stage They arc, however, definitely in 
the ^ keratin configuration A furthci hot sti etching process after some 
preliminary hardening causes orientation of the crystallites parallel to the 
fibre axis. The load/extension cuives of the yarns at these stages clearly 
show the differences in the structure and oiicntation Under standard con¬ 
ditions of test, the partially stretched and hardened fibre has a tenacity in 
the region of 0 60 g. / denier and a low extension at break. From the handle 
of the material, the fibres are also rather harsh and bnttle. In the wet state 
at room temperature, the unstretched fibres are highly plastic and can be 
extended as much as 75 per cent before breaking (see Table I) In this 
case, the fibres had been only partially hardened and insolubilised; the 
plastic flow so obtained was probably due to onentation of the crystallites 
parallel to the fibre axis. 

On finally stretching, hardening and msolubilising, the regenerated wool 
fibres still in the ^ configuration show onentation of the crystallites parallel 
to the fibre axis. From the load/extension curves it can be seen that the 
tenacity under standard conditions of test is m the region of i g /denier and 
the extension is greater than 30 per cent The filament denier is in the region 

* Note added in proof —Since this paper was written, it has been shown that certain 
polypeptide molecules when spun or precipitated from solution, may fold into stable 
configurations which appear similar to a keratin^^ Further, it has also been demon¬ 
strated that the copolymer of DL P phenylalanine and glutamic y methyl ester may be 
spun in two forms aji and p from the solvents m-cresol and formic acid respectively^*. 

It is therefore reasonable to conclude that the configuration of the polypeptide is 
decisively influenced by the solvent from which it is precipitated It is possible, there¬ 
fore, that Mercer’s results may be explained in part along these lines, but in our more 
recent work on keratin, we have been unable to identify an a structure in the regener¬ 
ated wool fibre after onentation 
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of 4, and fiom Fig. ()(c), it c.in be hci'ii that the wet ti‘ii.i<'ity of the yam is 
about 0-3 g./denu‘i. These iignu's aie oi the sanio older tis those for casern 
and vegetable pi olein lilaniciits at ]jresent. In* the case ot the incompletely 
hmshed yams of Table I, the wet filaments were capable of veiy high degrees 
of stretch, but in some of the' above samples of yarn, the wot extension was 
only slightly givatcr than that of the iibrc under normal conditions of test. 
Fig. 10 is a sciios of load/extension relaxation cm ves, and it can be seen that 
the wet fibres exhibit a considoiable degioe of immediate elastic recovery on 
stretching. The recovery cnrvis of a fibre after a series of hysteresis cycles of 
loading and lekxation show that a iibre strelehi-d 2) per cent, recovers 
instantaneously on unifoim deloadiiig 15 per cent, of its ouginal length. If 
the fibre is left unloaded, it eventually leeovers almost to its original lengtli. 

Filament Coagulation 

The conditions which obtain duiing the evtiusion of filaments have a 
great influence on the physical characleristics of the Jmal yam, and this is 
particularly so m the case of the regenerated wool fibres. Use of a coagulating 
batli of low pH appears to give rise to weak and battle lihies which'are not 
easily manipulated m the flotation method of spinning. With neutral or 
distinctly alkaline media for this purpose, good spinning is obtained; in the 
latter case the rate of precipitation oi the piolein fiom .solution is probably 
slower, thus materially assisting in the leerystallisation of the molecules in 
the initial stages of extinsiou. The optimum lemperature of this coagulation 
bath IS between 50 and 60" C. 

During the spinning of protein, il was iomul that the best yarns wcie 
obtained from dopes of roiieeiitiation as high as possible consistent with their 
manipulation at the centrifuging and exlriisioii stages of prepaiation. This 
concentration was found to be pailiculaily liigli, t.e. ,',5 jier enil., in the case 
of the icgcnoiated wools, piobably due to tlie eonniarative shoitness of the 
molcculai chains and theii highly dispmsi'tl stall* in solution 

It can be seen that with oui pieseiit eonditimis of spinning a filament of 
comparatively round cross section has nol been obtained, and il is most 
probable that the rcniform section (see Fig. 3) is mainly due to the conditions 
of coagulation If, however, the development of these fibres proceeds 
similarly to that of other protein fibres, i c casein, a filament of approxi¬ 
mately cylmdiical shape should not bo difficult to piodiice 

From the experiments already canierl out it would appear that the low 
sulphide cuid gives a better libte than does the high sulphide product. This 
is clearly obvious in the first stages of spinning fiom Table I, and the final 
yam, as far as can be asciTlained at the moment, is of higher tenacity in the 
former case. 

Comparison of RogcncratecI Wool anil Casein Fibres 

It has been pointed out 111 the previous section that the protein content 
of a regenerated wool dope is about 35 jier cent., whereas m casein this con¬ 
centration is of the order of 20 pci cent. The Imal yams made from these 
two materials have in general about the same tenacities and extensions 
Fig. 7 shows an X-ray photograph of highly orientated casein fibres and here 
it can be seen that along with the normal ^ piotoin diagram there are arcs 
typical of a cross /? configuration. 'J'hus in comparing the physical properties 
of these two yams, it is probable that the development of orientation and 
crystallinity along with variations in molecular weight should be considered. 
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{a) A regenerated wool filament has its crystalline phase as a single com¬ 
ponent system, % e, ^ keratin, but its chain length is most probably com¬ 
paratively short. 

{h) Casein molecules are not fully opened up during solution and 
probably retain some onginal specific structure during processmg, the mole¬ 
cular weight of the particles is, however, large compared with that of the 
regenerated wool molecule Further, it is clear that crystallites contaimng 
a cross ^ configuration of the protein molecules are likely to be less elongated 
along the fibre axis than are those contaimng only molecules in the fully 
extended state. 

From consideration of this work it is felt that the protein molecules in 
casein tend to spin more as large elongated globules, which themselves are 
readily orientated parallel to the fibre axis In support of this suggestion the 
X-ray diagrams of casein fibres, even of the comparatively disorientated 
Fibrolane A type show a definite low angle X-ray pattern typical of such a 
system ^ 

Only when additional extension is applied to the casein fibres causing 
further unfolding of the molecular chains of the globules does the yam give 
an X-ray photograph of an orientated protein (Fig. 7). Even under these 
conditions a single phase S3^tem of the crystalline part is not obtained, since 
clear evidence of the cross stracture is present in the diagram. From this 
it would appear that contrary to previous suggestions, the process of solution 
and spinmng of casein and peanut protein is not that of single denatured 
molecules in solution, but there is a possibility that the globular proteins 
may be only partially opened up, thus retaining in some cases tlieir specific 
structures. Even under the most drastic conditions of spinning and stretch¬ 
ing as at present applied in production, the molecules are not wholly aligned 
as extended protein chains along the fibre axis. 

In the case of the regenerated wool molecules, there is little doubt that 
the mean chain length is considerably shorter than in casein Thus potentially 
the wool molecule in solution should not be capable of producing as good a 
solution as casein from a spinning point of view, provided the latter mole¬ 
cules can be regenerated as an onentated structure containing only a single 

protein phase of a fully degenerate system.* On the other hand the 
regenerated wool molecule is capable of forming this single phase keratin 
configuration as can be seen from Fig, 6, and thus from this point of view it 
is felt that such a highly crystalhne protein, even of comparatively shoit 
chain length, should give a satisfactory textile yam. 

The Structure of the ^ Keratin of Native and Regenerated Wool Stretched in Steam 

A companson of Figs 6 and 8 shows that there are detailed differences in 
the stmcture of the /? keratm of native wool stretched in steam 100 per cent 
and regenerated ^ keratin fibres stretched in steam In the former case the 
reflexions from planes (hkl) when 1^, tend to spread along the hyperbolae 
of the fibre diagram of Fig. 8 There is, m particular, a spread of the side 
chain spacing*' of 10 A (approximately) and also of the (in) spacing along 
the first hyperbola In the zone [001], however, this definition is not 
obviously impaired and the backbone spacing (200) of 4*65 A and the (210) 
spacing of 3*75 A are both unchanged and sharp Thus it can be seen that 
the process of setting of steam of the jS keratin structure m wool is accom- 
pamed by a considerable distortion of the crystalhne lattice in the direction 
of the side cham spacing 

* See page T864 
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In the regenerated ^ keratin libres, this lattice distoition is not so obv* 
as there is no spreading of the spots clearly visible along the hyperbola of t 
X-ray diagram of the regenerated yam stretched in steam. Thus m the s’ 
chain direction, the regenerated fibres seem to have crystallised better fr 
solution than did the native wool molecule on transformation from the a> 
the 13 form, and with the subsequent permanent setting'' of the ^ forjt 
It is, therefore, likely that an obviously crystalline structure produced 
steam in the stretched regenerated wool should most piobably prodiKe 
comparatively strong and stable /3 keratin fibre when the reactivity of tli 
side chains has first been icduced by crystallisation, and secondly by furtlu' 
cross-linkage by the usual methods 

CONCLUSIONS 

The work described in the present paper shows that it is now possible 
regenerate from the a keratin of wool continuous filament yarn with physic 
properties comparable with those already obtained for casein. From th 
point of view, therefore, these orientated ^ keratin fibies are within the lang 
of usable textile materials. Further, it is here shown that stretching in steui 
gives a more highly orientated and crystalline structure in these fibres coni 
parable with those produced in legcncratcd specimens from chicken fcatb^^i 
and egg albumin by Lundgren and his co-w^oikeis.'^ In general, it can be sau 
that dispersed proteins are not readily regenerated into orientated ciystallin 
structures. Howitt and Coleman state that their regenerated silk fibroin gavr 
X-ray powder diagrams in films and little orumlaiion in fibrils. It has a,b 
been with some dithciilty that we have produced an orieiilalcd casein yai* 
The latter problem was, however, complicated by the cxislencci of a ere 
/3 structure which tended to mask the diect of the alignment ol the cryslallit* 
along the fibre axis. During the pu'sent soiies of experiments, only sL 
lengths of yarn have been submitted to stretching in sh^am, and m cr)ns(‘(iueij 
load/extension curves have not, as yet, been obtained. Wo feel, liowcv" 
that it should be possible to introduce this addilifmal step leading to 
production of highly orientated continuous filament yams with tenacities 
excess of those quoted in this paper. 

In the present process of regeneration of keratin fibres, the extraction 
efficiency (ratio of fibre yield to original wool by weight) is of the order of 
35 per cent., and for this and other reasons it is not likely that virgin wool 
would form an economic starting material for this process. Comparing tbi^^ 
extraction rate with that for the soluble wool curd used in the mixed polymer 
spinning of wool and casein, il is dear that the latter is a more attractive 
proposition from the point of view of extraction efficiency. Certain struc¬ 
tural problems, of which orientation is one, arise in the case of the mixed 
proteins, and cause difficulties which will be discussed in detail at a latoi 
dale 

The most pertinent feature of this research with rcgaid to the parem 
matenals is that a keratin need not necessarily be used in the form of gor 
wool. Any waste products of the industry can be treated in the 
described, as could also the shoddy materials of the rag trade. There 
however, a further copious and inexpensive source of supply of raw mate! 
which might be explored in the a keratin of horn, hooves, whalebone, eU. 
In the offal industry these materials are stripped of fats and gelatin, etc. 
leaving, m the mam, the insoluble a keratin. It is clear, therefore, that- 
further extraction of this residual a keratin could be earned out to produce 
a soluble curd, which could be refined and spun into a continuous jS kerr 
yam. 
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CORRECTION 

Some Observatioas on the Influence of Fabric Structure on Felting ” 
7. Texttle Inst., 1949, 40 , T734 

The captions were inadvertently omitted from the diagram on p. T734. 
The argument is qmte clear from the text, but the left-hand block of four 
symbols should have been headed ” unfavourable to feltmg ”, and the right- 
j.nd block ” favourable to feltmg 
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